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The periparturient period of a dairy cow is defined as the time when the cow goes from a 
state of near maintenance in late gestation to a rapid on-set of metabolic adaptation to meet the 
needs of lactation production.  This homeorhetic phase requires the coordination of numerous 
hormones and tissues to mobilize fat for energy, stabilize mineral fluctuations such as calcium, 
and adjust the rumen environment to the change in diet.  This transition is also the cause of 
common early postpartum cow disorders that result from compromised immune function and a 
lack of metabolite availability.  Different dietary strategies through ration formulation or 
supplementing feed additives have been employed to mitigate these negative effects.  The 
objectives of this dissertation were to: 1) investigate the effects of supplementing products 
derived from Saccharomyces cerevisiae culture to the diet on transition cow production and 
health; 2) evaluate the effects of low-calcium vs. acidogenic strategies within controlled-energy 
dry cow diets on transition cow production and health; 3) compare the effects of these two 
nutritional techniques on periparturient innate immune functions; and 4) review applied feeding 
considerations of personnel and environmental factors that may impact ration variations.   
Supplementing Saccharomyces cerevisiae in the dry period did not impact milk 
production, but increased total protein and, specifically, globulin concentration in blood.  It has 
been reported that short-term increases in acute phase proteins after calving, related to 
inflammation, may improve adaption to the higher energy lactation diet.  Dry cow rations with a 
negative dietary cation-anion difference that resulted in an average urine pH of 5.5 to 6.0 
resulted in greater ionized calcium during the first 24 h after calving along with greater intake 
and milk production postpartum.  Neither dietary strategy consistently impacted the innate 
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immune factors tested.  Overall calcium status after calving failed to predict the in vitro innate 
immune cell reactions to a bacterial challenge in whole blood collected from cows on either 
study.  An analysis of the variation in total ration composition indicated that experience of the 
feeder may play a role in reducing the error of loading individual ingredients used to make the 
final total mixed ration.  Taken together, these data help to inform decisions on dietary strategies 
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Chapter 1: Introduction 
Over the entirety of a dairy cow’s life there are numerous nutritional avenues that support 
or hinder her development, health, and productivity.  Specifically, during the transition period, 
inconsistencies in nutrient intake or inadequacies in the diet can result in a variety of metabolic 
disorders, representing a failure to adapt (Grummer, 1995; Mulligan and Doherty, 2008).  
Extensive research has focused on creating nutritional strategies pre- and postpartum to prevent 
adverse health events in cows that are calving (Dann et al., 2000; Drackley, 1999; Goff and 
Horst, 1997; Horst et al., 2005).   
One available resource readily available in commercial settings is the variety of feed 
supplements that can provide a beneficial response when added to a total mixed ration (TMR).  
These include rumen bacteria modifiers, such as Saccharomyces cerevisiae, that are meant to 
increase fiber degradation and the flow of microbial protein to the small intestine by increasing 
fiber digesting bacteria and decreasing lactic acid producing bacteria (Beauchemin et al., 2006, 
Desnoyers et al., 2009).  It is common practice to feed a high forage dry cow diet and then switch 
to a high-grain lactation diet after calving, based on the change in energy requirements.  By 
providing a more stable rumen environment that decreases the risk of rumen acidosis by 
increasing rumen pH, the bacteria are better able to adapt to the high-grain lactation ration 
(Chaucheyras-Durand et al., 2008).   
Along with the need for the rumen to adjust to the change in diet, so to must the 
metabolic system adapt to the demands of lactation.  Minerals, such as calcium, are secreted in 
milk, but are also integral to normal muscle, immune, and neural functions.  A delay in endocrine 
signaling to replenish circulating calcium can cause clinical hypocalcemia, which in severe cases 
can lead to death (Ramos-Nieves et al., 2009).  Prepartum manipulation of the dietary cation-
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anion difference is used to prime calcium homeostatic mechanisms prior to calving to reduce the 
endocrine signaling delay (Block, 1984).    
Nutritional support provided during this challenging period also has the potential to aid 
the cow’s immune system through a combination of additional energy reserves and reduced 
pressure from metabolic disorders.  Impairment of phagocytosis activity or migratory speeds of 
neutrophils or monocytes can reduce their effectiveness to eliminate invading pathogens 
(Mulligan and Doherty, 2008).  Connections have been reported between delays in recovering 
from negative energy balance experienced after calving to the development of uterine infections 
during early lactation (Manimaran et al., 2016).  On the other hand, subclinical hypocalcemia has 
been linked to increases in mastitis, metritis, and ketosis, among other metabolic disorders 
(Wilde, 2006; Martinez et al., 2012).  The complex interrelationships among different metabolic 
systems demands that nutritionists help dairy producers to provide additional resources to 
periparturient cows in order to aid in this transition. 
In addition to providing feed supplements, the importance of delivering consistent, well 
mixed, TMR should not be minimized.  To ensure optimal intake, feed mixing protocols must 
attempt to reduce variation in the form of the human error of loading the ingredients, mixing 
error caused by equipment failure, or sorting error resulting from irregular particle size (Barmore 
and Bethard, 2005; Jordan, 2001; Lammers et al., 1996).   
The following literature review is primarily focused on the central ideas of energy and 
mineral requirements during the adaptations in the periparturient period.  I explore the effects of 
yeast supplementation on the rumen environment during different stages of production.  I then 
provide a more in-depth look at underlying concerns during the transition period, including how 
diet formulation and nutritional supplementation may be used to prevent common early 
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postpartum metabolic disorders.  Finally, I broadly review the challenges dairy operations face in 






Barmore, J., and G. Bethard. 2005. Performance monitoring of dairy nutrition and feeding. In:  
Proceedings of the Tri-State Dairy Nutr. Conf. pp 11-29. 
Beauchemin, K. A., C. R. Krehbiel, and C. J. Newbold. 2006. Chapter 7 Enzymes, bacterial  
direct-fed microbials and yeast: principles for use in ruminant nutrition. Pages 251-284 in 
Biology of Growing Animals. Vol. Volume 4. J. Z. R. Mosenthin and T. Żebrowska, ed. 
Elsevier. 
Block, E. 1984. Manipulating dietary anions and cations for prepartum dairy cows to reduce  
incidence of milk fever. J. Dairy Sci. 67: 2939-2948. 
Chaucheyras-Durand, F., N. D. Walker, and A. Bach. 2008. Effects of active dry yeasts on the  
rumen microbial ecosystem: Past, present and future. Anim. Feed Sci. Technol.  145(1–
4):5-26. 
Dann, H. M., J. K. Drackley, G. C. McCoy, M. F. Hutjens, and J. E. Garrett. 2000. Effects of  
yeast culture (Saccharomyces cerevisiae) on prepartum intake and postpartum intake and 
milk production of Jersey cows. J. Dairy Sci. 83(1):123-127. 
Desnoyers, M., S. Giger-Reverdin, G. Bertin, C. Duvaux-Ponter, and D. Sauvant. 2009. Meta- 
analysis of the influence of Saccharomyces cerevisiae supplementation on ruminal 
parameters and milk production of ruminants. J. Dairy Sci. 92(4):1620-1632. 
Drackley, J. K. 1999. Biology of dairy cows during the transition period: the final frontier?  
J. Dairy Sci. 82(11):2259-2273. 
Goff, J. P. and R. L. Horst. 1997. Effects of the addition of potassium or sodium, but not  
calcium, to prepartum rations on milk fever in dairy cows. J. Dairy Sci. 80(1):176-186. 
Gummer, R.R. 1995. Impact of changes in organic nutrient metabolism of feeding the  
5 
 
transition dairy cow. J. Anim. Sci. 73:2820-2833. 
Horst, J. G., J. P. Goff, and T. Reinhardt. 2005. Adapting to the transition between gestation and  
lactation: Differences between rat, human and dairy cow. J. Mammary Gland Bio. 
Neoplasia 10(2):141 - 156. 
Jordan, E. R. 2001. Managing mixing wagons for performance and health. In: Proc. Mid-South  
Nutr. Conf. 10 pp 
Lammers, B. P., D. R. Buckmaster, and A. J. Heinrichs. 1996. A simple method for the analysis  
of particle sizes of forage and total mixed rations. J. Dairy Sci. 79(5):922-928. 
Manimaran, A., A. Kumaresan, S. Jeyakumar, T. K. Mohanty, V. Sejian, N. Kumar, L. Sreela,  
M. A. Prakash, P. Mooventhan, A. Anantharaj, and D. N. Das. 2016. Potential of acute 
phase proteins as predictor of postpartum uterine infections during transition period and 
its regulatory mechanism in dairy cattle. Vet. World 9(1):91-100. 
Martinez, N., C. A. Risco, F. S. Lima, R. S. Bisinotto, L. F. Greco, E. S. Ribeiro, F. Maunsell, K.  
Galvão, and J. E. P. Santos. 2012. Evaluation of peripartal calcium status, energetic 
profile, and neutrophil function in dairy cows at low or high risk of developing uterine 
disease. J. Dairy Sci. 95(12):7158-7172. 
Mulligan, F. J. and M. L. Doherty. 2008. Production diseases of the transition cow.  
Vet. J. 176(1):3-9. 
Ramos-Nieves, J. M., B. J. Thering, M. R. Waldron, P. W. Jardon, and T. R. Overton. 2009.  
Effects of anion supplementation to low-potassium prepartum diets on macromineral 
status and performance of periparturient dairy cows. J. Dairy Sci. 92(11):5677-5691. 
Wilde, D. 2006. Influence of macro and micro minerals in the peri-parturient period on fertility  
in dairy cattle. Anim. Repro. Sci. 96(3–4):240-249. 
6 
 
Chapter 2: Literature Review 
TRANSITION COW NUTRITION 
The transition period is the most interesting time of a cow’s life that, while necessary for 
lactation, is the time of greatest unpredictability and occurrence of health problems.  This period 
has been the focus of many research studies, but the full extent of system interactions and how 
the results impact the whole animal are still not fully understood.  The conundrum of the 
peripartum period, going from pregnancy to lactation, is the increase of nutrient requirements 
that is in opposition to the decrease in appetite that comes from endocrine changes leading to 
calving and the change in diet.  And yet, common metabolic disorders that can occur in this stage 
can have long-lasting effects as the entire lactation curve can be limited (Grummer, 1995).  
Arguably the greatest area of concern for a cow in the transition period is the extensive 
mobilization of lipids and their effects on the liver.  The cow after parturition requires a large 
influx of energy to begin producing milk while also meeting her maintenance requirements 
(Drackley, 1999).  Another key consideration is the change in mineral balance before and after 
calving.  Besides optimizing energy intake, mineral imbalances can greatly influence success in 
the transition to lactation (Kehoe et al., 2007).  
Energy and Fiber 
Nonesterified Fatty Acid and Beta-Hydroxybutyrate 
At parturition a cow goes through extensive transformations.  Almost every organ 
changes in some way with the sole purpose of producing milk for the new calf.  The nutrient 
demands for lactation require a unique coordination of the biological processes of multiple 
tissues to support lactation according to genetic potential of the animal (Bauman and Currie, 
1980).  The equilibrium of metabolites changes as the need for milk production challenges the 
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ability to maintain homeostasis.  These homeorhetic changes support the mammary tissue during 
processes of mammogenesis, lactogenesis, and galactopoesis (Bauman and Currie, 1980).  The 
rapid hormonal changes influence the development of the alveolar systems in the udder and their 
secretion capacity.  Blood flow is increased and nutrient absorption is upregulated.  In addition, 
important changes occur in the liver (Drackley et al., 2001).  For the cow to respond to her 
genetic programming and hormonal signaling, there must be adequate energy sources to fuel the 
metamorphosis.  
When trying to determine the metabolic status of a cow during the changes in the 
transition period, metabolite concentrations in blood samples can provide the needed 
information.   Circulating concentrations of non-esterified fatty acid (NEFA), β-hydroxybutyrate 
(BHB), glucose, urea, albumin, total protein, and cholesterol can indicate responses to different 
stressors and nutrient availability.   
After calving, NEFA concentrations, measured as palmitate equivalents, fluctuate as a 
result of changes in flux from 1 mol/d during the gestation period to 5.5 mol/d during lactation 
(Reynolds et al., 2003).  Concentrations of NEFA can remain high relative to prepartum 
throughout the first half of lactation.  The NEFA taken up by the liver are oxidized to support the 
energy required by the liver itself or are exported as triglycerides (TG) in very low density 
lipoproteins for other tissues to use in support of milk production (Reynolds et al., 2003).  When 
NEFA uptake exceeds the needs for direct oxidation in the liver, the liver can store the excess 
NEFA as intracellular triglycerides or partially oxidize them to ketone bodies, such as BHB.  
However, the liver can oxidize only a finite amount of mobilized NEFA, approximately 500 g/d, 
during early lactation.  When this route is overloaded or maximized continuously, the liver can 
become completely saturated with fat within two weeks, impairing functions (Drackley et al., 
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2001).  Geishauser et al. (2000) connected blood sample results of greater circulating NEFA and 
BHB with greater milk fat to protein ratios in an attempt to predict the incidence of displaced 
abomasum (DA) in lactating dairy cows (Geishauser et al., 2000).  Janovick et al. (2011) argued 
that increased ketone bodies do not directly result in a negative effect on the cow’s health 
because ketone bodies are used as a fuel source for skeletal muscle and the brain.  So, in general, 
while a base level of NEFA mobilization and BHB production occurs naturally, if it exceeds the 
normal range or persists for an extended period of time, it can then become detrimental to the 
animal’s health.  Geishauser et al. (2000) defined subclinical ketosis as BHB concentration 
greater than 1.4 mM in blood serum and Drackley et al. (2001) predicted a complete saturation of 
the liver with triglyceride within two week of intense NEFA mobilization.  
To support milk production, fatty acid (FA) synthesis and esterification to TG in the 
adipose tissue are reduced.  Instead, lipolysis is increased to mobilize NEFA.  As this breakdown 
of stored TG takes place, more NEFA and glycerol enter the circulating plasma.  Increases in 
lipolysis lead to increases in uptake of NEFA by the liver, which can affect liver metabolism 
through changes in hormone receptors, signaling, and signal transduction (Drackley, 1999).  To 
processes this NEFA influx directly after calving, hepatic tissue increases its activities for NEFA 
esterification, peroxisomal β-oxidation , and mitochondrial oxidation (Drackley et al., 2001).   
Appetite and Feed Intake 
While the need for energy is greatly increased during the transition to lactation, feed 
intake normally is suppressed directly before and immediately after calving.  The sensation of 
hunger is a complicated mechanism, regulated through the central nervous system, and can be 
impacted by metabolites, hormones, and cytokines.  Cytokines are polypeptide mediators 
produced by immune cells (Ingvartsen and Andersen, 2000).  Decreased appetite is not always a 
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reflection of the animal’s nutrient status, but can result from physical trauma during calving, 
such as tearing the tissue in the vagina or prolapsed uterus.  Both the impact of cytokines and 
physical trauma can cause long-term negative effects when delaying feed intake after calving, 
resulting in the occurrence of metabolically related disorders (Ingvartsen, 2006).   
Another theory explaining the appetite suppression seen in periparturient cows is physical 
compression of the rumen by the uterus and accumulated abdominal fat.  There is a negative 
relationship between abdominal fat and rumen volume in non-lactating cows (Forbes, 1968).  
Reduction in rumen volume can be compensated for by increasing the rate of passage through 
the reticulorumen, but this forfeits rumination time and can decrease nutrient absorption.  
However, this theory has been mostly disproved by the study of the endocrine factors that affect 
dry matter intake (DMI) post-calving (Ingvartsen and Andersen, 2000).  The homeorhetic 
hormones, such as somatotropin, and homeostatic hormones, such as insulin, are negatively 
correlated at calving.  Metabolites such as NEFA, glycerol, and ketones can act as signals to 
regulate a cow’s appetite and other hormonal signaling involved in reproduction and stress 
(Ingvartsen and Andersen, 2000).  The animal’s system has many means to signal a need for 
additional energy or other nutrients, and during the transition period in dairy cows these systems 
work in unison to adapt to the new requirements of lactation. 
Adaptation to the Diet 
One issue producers face when formulating the diet of transition cows is that there are 
actually two diets, the pre- and postpartum diets.  These two diets are different from each other, 
as they meet specific needs of the cow during two different metabolic states.  However, abrupt 
change of the diet at calving can be difficult to adjust to along with other changes the cow is 
facing.  The goal of many prepartum diets is to minimize the change in blood metabolites in 
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order to decrease common metabolic disorders seen in cows that are calving.  Donovan et al. 
(2004) points out that the change from low net energy diets prepartum to high net energy 
lactation diets after calving increases the risk of developing rumen acidosis.  The large shift from 
higher fiber to lower fiber can stall the cow’s ability to absorb the available nutrients as the 
rumen microbes attempt to adapt (Donovan, 2004).   
A study performed by Douglas et al. (2006) confirmed earlier work illustrating the 
connection between nutrient intake during the close-up dry period and lipid metabolism, and how 
this relationship is more important than diet composition.  Regardless of dietary energy sources 
in the prepartum diet, cows with restricted energy intake had lower prepartum concentrations of 
glucose and insulin and greater NEFA concentrations, but then had lower NEFA concentrations 
postpartum.  Hepatic mitochondrial carnitine palmitoyltransferase was upregulated in these cows 
directly after calving, but declined rapidly after the initial increase (Douglas et al., 2006).  This 
study provides support for the idea of influencing the success of the early postpartum cow 
through the control of the prepartum diet.   
The transition period is marked by homeorhetic adaptations of glucose metabolism to 
lactation (Baumen and Currie, 1980).  The hepatic gluconeogenesis pathway increases and 
oxidation of glucose by peripheral tissues decreases in order to prioritize glucose for lactose 
synthesis in the mammary gland (Overton and Waldron, 2004).  The large lipid metabolism in 
response to lactation is key to decrease the cow’s dependence on glucose.  There is a negative 
linear relationship between cellular fat concentrations in the liver and urea production.  Strang et 
al. (1998) explained the connection between NEFA and urea with a direct comparison between a 
10% fat concentration in the liver at calving can actually reduce the liver’s capacity to remove 
urea by approximately 20%.  Reducing ureagenic capacity by 40% can cause ammonia to leak 
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from the liver and into peripheral tissues, which might contribute to some metabolic disorders 
that are a result of reduced intake and prolonged negative energy balance (Strang et al., 1998; 
Esposito et al., 2014).  Impairment of the liver can also reduce hepatic glucose production 
required to synthesize lactose, which controls milk volume (Strang et al., 1998).   
Blood urea and creatinine can be used to evaluate skeletal muscle catabolism and 
estimate glomerular filtration rate, but not kidney function because urea is recycled in a 
functioning rumen (Firkins et al., 2007).  Creatinine also can be used to evaluate body muscle 
mass; creatinine decreases in concentration around partition to signal an extended negative 
energy balance (Pires et al., 2013).  The standard of 29 g of creatinine excreted daily per 
kilogram of body weight in an adult cow can be used to estimate the volume of urine produced, 
both pre- and postpartum (Valadares et al., 1998).  Glucose concentrations in blood can indicate 
the health of the cow.  Since ruminants do not normally absorb much preformed glucose from 
the gut, hypoglycemia occurs when the animal is under extreme stress, such as fear and pain, or 
in concert with other disorders, such as milk fever, mucosal disorders, neurologic disorders, DA, 
abomasal volvulus, or proximal duodenal obstruction (Russell and Roussel, 2007). 
Although multiple milk, blood, and urine samples can tell the story of what is happening 
on a physiological basis within a transitioning cow, there are many factors that can influence the 
differences among the results.  Wathes et al. (2007) explored the relationships between 
primiparous and multiparous dairy cows in the metabolic traits, milk yield, and body condition 
during the transition period.  For example, insulin was negatively correlated to milk yield in 
multiparous cows, while BHB and urea were positively correlated to milk yield in primiparous 
cows.  The difference in tissue mobilization between primiparous and multiparous cows can alter 
nutrient partitioning between growth or milk yield (Wathes et al., 2007).  Primiparous cows have 
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a higher concentration of insulin-like growth factor-I from one week prior to calving through the 
early postpartum period, and leptin has been shown to be greater directly before calving.  Even 
the BHB concentration can differ by remaining much lower and the mobilization of NEFA 
occurring much earlier in primiparous cows when compared with multiparous cows (Wathes et 
al., 2007). 
To meet the increased energy demands for milk production after parturition, dairy cows 
rely heavily on the mobilization of fatty acids stored in triacylglycerols (TAG) from the adipose 
tissue.  This results in a rapid decline in body weight and body condition.  While this 
mobilization is a natural adaptation to lactation, overconditioned cows tend to lose body 
condition more drastically than cows that calve with optimal body condition.  The optimal Body 
condition score at parturition was considered to be a 3.5 on a 5 point scoring system (Edmondson 
et al., 1989).  Overloading the liver with NEFA from a rapid mobilization of body lipid stores 
can be detrimental to the cow’s health status.  For this reason, it is important to monitor pre- and 
postpartum body weights and Body condition scores (Bobe et al., 2004).  Some studies tested a 
low energy, high fiber prepartum ration to be used for maintaining an optimum body condition at 
calving (Beever, 2006).  Over-conditioned cows were found to experience extreme weight loss 
after calving and have a greater risk of developing metabolic disorders and impaired fertility.  
While this technique works to maintain body condition throughout the dry period, it is 
challenging to alter body condition after the cow is no longer lactating (Beever, 2006).  Al 
Ibrahim et al. (2010) tested a yeast feed additive product during the transition period to try and 
modulate body condition, but yeast was unable to correct the over-conditioning coming out of 
lactation to decrease the escalated fat mobilization directly after calving (Al Ibrahim et al., 
2010).   
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Ingvartsen et al. (2001) used a comparison of limited concentrate added to ad libitum 
corn silage (0.3, 0.5, and 10.5 kg/d) in the prepartum diet to demonstrate the theory that early 
lactation intake can be improved by controlling prepartum energy intake.  Increasing the volatile 
fatty acid (VFA) absorption capacity will reduce the VFA accumulation and can assist in 
stabilizing pH.  This can then lead to healthier rumen epithelium with greater surface area, 
resulting in an easier transition to the lactating diet (Ingvartsen et al., 2001).  Another study also 
tested different levels of concentrate (20, 40, and 60%), but with an added factor of either an 
immediate or gradual increase of concentrates over the first ten days of lactation.  The authors 
concluded that prepartum intake did not affect production, intake, or blood profiles, but the 
immediate influx of concentrates to the postpartum diet helped support milk production and milk 
components (Kokkonen et al., 2004).  McNamara et al. (2003) doubled the concentrates in the 
transition diet from 4 kg/d to 8 kg/d paired with an ad libitum grass silage diet, and reported a 
positive effect of reducing the negative energy balance.  As net energy (NE) intake increased 
from 5.6 and 6.5 to 9.0 UFL/d, blood plasma and bile acid concentrates increased up to two 
weeks post-calving, with no effect on reproductive performance (McNamara et al., 2003).The 
NE content for milk production of 1 kg of air dried standard barley is equal to 1 UFL unit 
(Jarrige, 1989).   
Looking purely at production, increasing nutrient intake to a 60:40 concentrate to forage 
ratio during late gestation can increase milk fat content and yield (Keady et al., 2005).  In a 
pasture-based dairy, Roche et al. (2015) determined that pre-calving body conditioning also had 
an effect when paired with a low energy prepartum diet.  Lower body conditioning at calving 
reduces the net release of NEFA from adipose tissue and increases plasma calcium 
concentrations.  Over-conditioned cows produced more milk directly after parturition, but the 
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greater mobilization of fat reserves resulted in greater blood BHB concentrations and hepatic 
TAG accumulation.  This can also lead to greater health risks to the cow as the liver is put under 
more strain to process the mobilized NEFA (Roche et al., 2015).  So while there are different 
schools of thought on how to approach the energy level of the prepartum diet, many results agree 
with an earlier study by Ryan et al. (2003).  These authors emphasized the importance of 
maintaining an optimal body condition, not over- or under-conditioned, to balance the need to 
maximize milk production while safe-guarding against common periparturient health issues 
caused by excess fat mobilization (Ryan et al., 2003). 
Nutrient Requirements and Diet Formulation 
To be able to discuss the differences among “low” and “high” energy diets, the factors 
that can affect the daily energy requirements for maintenance must be taken into account.  Cows 
(650 kg of BW) fed in a tie-stall setting require approximately 37.7 MJ of NEL/d, or 9.01 Mcal of 
NEL/d.  This estimation increases by 10% for free stall settings and 20% in pasture based 
operations to compensate for energy expended on additional walking movement (Jouany, 2006).  
The additional energy requirement in later pregnancy, at 250 d in gestation, is estimated to be 2.3 
Mcal of NEL/d (Bell, 1995).  A dairy cow requires an additional 0.740 Mcal of NEL/kg of fat 
corrected milk (FCM), containing 40 g of fat and 30 g of protein.  Because DMI cannot meet the 
sudden increase of energy requirement brought on by the onset of lactation, mobilizing stored 
energy reserves plays a key role in meeting the increased energy demands (Jarrige, 1989).   
Diets must be balanced to provide the energy the cow needs for maintenance and 
production, while avoiding the risk of clinical and subclinical ruminal acidosis.  This means 
achieving a delicate balance between enough rapidly fermentable starch and sugars but at the 
same time providing adequate forage fiber to maintain rumen health.  Management also can play 
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a key role, with the frequency of meal delivery affecting the stability of the rumen environment, 
along with the actual diet formulation when choosing what grain source to use (King et al., 
2016).  To aid in this “tight-rope walk”, feed additives can be a tool to increase the degradability 
of feedstuffs and assist the microbes in adapting to a high concentrate diet postpartum.   
Protein nutrition is another important aspect of diet formulation.  Excessive amounts of 
rumen degradable protein (RDP) can cause an increase in blood and milk urea nitrogen, which 
has been reported to negatively affect fertility (Tamminga, 2006).  High amounts of RDP can 
impact the cow’s negative energy balance by diverting energy required to detoxify and excrete 
the excess ammonia as urea.  This need can create an imbalance within the lipogenic, glucogenic, 
and aminogenic processes (Tamminga, 2006). 
To provide the required nutrients during the dry period without allowing for excess 
energy intake it is essential to minimize the independent negative impact of overfeeding in the 
dry period on periparturient metabolism.  Limiting energy in the prepartum diet by using lower 
quality, fibrous forages has been shown to improve DMI and energy status in the early 
postpartum period (Dann et al., 2006).  The greater lignin content of low quality forages limits 
digestibility and, therefore, decreases energy intake as a proportion of the DMI.  Roche et al. 
(2015) explored how a restriction of energy prepartum can affect cows differently depending on 
Body condition score.  Restricting energy in overconditioned cows led to greater milk 
production, but at the cost of drastic loss of body condition and a greater risk of liver fat 
infiltration associated with fatty liver.  For underconditioned cows, restricting energy intake led 
to a greater reduction in periparturient immune competence, which could lead to a greater risk of 
contracting postpartum infections, such as mastitis and metritis.  The authors concluded that 
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“optimally” conditioned cows benefitted the most without any negative side effects when 
provided only 75 to 90% of requirements during the close-up period (Roche et al., 2015).  
Janovick and Drackley (2010) tested an ad libitum feeding technique in the dry period to 
include greater forage neutral detergent fiber (NDF) to provide adequate nutrients but to limit 
energy intake to create the same metabolic benefits of restricted feeding management.  This 
study reported that overfeeding energy in the prepartum period resulted in greater milk fat 
percentages and FCM yield during the early postpartum period.  However, the cows consuming 
large amounts of energy prepartum experienced a larger negative effect on their energy balance, 
up to 55% in multiparous cows and 40% in primiparous cows (Janovick and Drackley, 2010). 
Some studies have reported benefits of not restricting energy, especially in production 
variables.  Focusing on metabolic status, the cow is going from a lower metabolic demand during 
late gestation to a higher metabolic demand at the onset of lactation.  However, the periparturient 
period is marked by limited intake that can delay adaptation (Bell, 1995).  Janovick et al. (2011) 
investigated the effect of over-feeding energy in the close-up period on the cow’s metabolism.  
They reported that this strategy resulted in cases of “over nutrition syndrome”, similar to what is 
seen as clinical diabetes and severe obesity in humans.  Blood samples taken from these animals 
showed evidence of hyperglycemia, hyperinsulinemia, and an insulin resistance that has been 
linked to early postpartum metabolic disorders, such as fatty liver disease and clinical or 
subclinical ketosis (Janovick et al., 2011).  This similar study included an in-vitro look at adipose 
tissue, which became less sensitive to inhibition of lipolysis by glucose.  This in turn could affect 
liver processes, such as β-oxidation and the Krebs cycle, as more NEFA and BHB is released and 
more TAG accumulates in the liver.  To prevent the over-nutrition syndrome from occurring, this 
study proposed using wheat straw as a low quality bulk feed in the dry cow diet to limit energy 
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intake, while maximizing rumen fill.  By encouraging larger dry matter intake prepartum and still 
restricting energy intake, this diet has the potential to reduce the risk of common metabolic 
disorders postpartum and maintain greater prepartum intake for a smoother transition to the 
lactation diet (Murondoti et al., 2004).  
Tissues naturally decrease responsiveness to insulin during the early postpartum period as 
a part of the homeorhetic adaptations that occur to assist in mobilization of body stores for milk 
production.  Different factors can affect insulin concentrations and tissue sensitivity; from diet 
composition, overfeeding energy to prepartum cows can result in insulin resistance after calving, 
to genetic selection, in which generations of breeding focusing on milk production has resulted 
in a decline in circulating insulin levels (Wathes et al., 2007).  Specifically, in late gestation, 
adipose and muscle tissue are insulin resistant, but adipose tissue also displays an increased 
sensitivity to lipolytic agents (Wathes et al., 2007). 
Another important aspect in understanding why diet formulation is important is directly 
related to rumen function and how rumen microbes are able to process certain nutrients.  The 
type of VFA produced are determined by a number of factors including: the type and populations 
of microbial species present; the type of substrates that are consumed; and the rumen 
environmental conditions, such as pH, that affect fermentation rate and microbial growth 
(Bannink et al., 2008).  High-grain or carbohydrate diets are rapidly fermented by the microbial 
populations and increase VFA concentrations, and lactate which lowers rumen pH.  To support 
greater milk yield, many producers push high-grain diets.  If grain becomes excessive, lactate 
producing bacteria, such as Streptococcus bovis, can begin to overwhelm the capacity of lactate 
consuming bacteria, such as Megasphaera elsdenii and Selenomonas ruminantium, to utilize 
lactic acid.  The excess lactic acid, which has a pKa of 3.7, is a main contributor of acidosis when 
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compared with the major VFA, acetate, propionate, and butyrate, with pKa’s ranging 4.8 to 4.9 
(Chaucheyras-Durand et al., 2008).   
Some protozoa, larger organisms found in smaller numbers, cannot survive in a low pH 
environment, which can cause a shift in the bacterial populations.  Fiber digesting bacteria, 
including Fibrobacter succinogenes, Ruminococcus albus and R. flavfaciens, are also generally 
decreased.  When rumen pH drops to the level that S. bovis is replaced by lactobacilli, the cow 
experiences clinical acidosis that can cause permanent damage or death (Chaucheyras-Durand et 
al., 2008).  Controlling the pre- and postpartum diets of the transition cow is of primary concern 
to prevent cases of ruminal acidosis from occurring in the early postpartum period. 
Macro Minerals 
Another key part in crafting an effective transition cow diet strategy is managing the 
mineral balance to support this phase of adaptation at calving.  Beyond the basic requirements of 
mineral supplementation during the transition period, the drastic changes in metabolic balance of 
key minerals can have devastating effects on the cow.  While there are many minerals that play 
important roles in muscle, immune, and nerve function, the one that demands constant scrutiny is 
calcium (Ca).  Blood Ca is kept tightly regulated within a very narrow margin because Ca 
concentration can affect almost every system within the body.  Interestingly, Ca is also the 
mineral whose concentration fluctuates the most at the time of calving and the onset of lactation.  
Changing the diet directly after calving is a common practice on most dairies in order to meet the 
new production requirements of cows entering the milking herd.  However, this abrupt change in 
diet usually is coupled with a change in environment, such as facility and herd hierarchy, which 
can lead to additional stress.  During this time, mineral balance is in flux, which can greatly 




Calcium and phosphorous (P) are two of the most highly regulated minerals in the 
transition period.  The endocrine system tightly controls serum Ca and P, and how they enter and 
exit circulation.  Under noninflammatory physiological conditions, the endocrine system 
influences direct intestinal absorption, urinary and fecal excretion, and the flow to the fetus and 
then milk production.  The endocrine system also affects storage through bone resorption and 
deposition, and the recycling processes through renal reabsorption and salivary recycling.  
Parathyroid hormone (PTH) and 1, 25 – dihydroxyvitamin D [1,25 (OH)2D3] are primarily 
responsible for increasing uptake of Ca through intestinal absorption, renal reabsorption, and 
bone resorption (Overton and Waldron, 2004; Crenshaw et al., 2010).  Bone Ca resorption, 
regulated by PTH, plays a major part in restoring Ca balance after calving, as demonstrated by 
changes in deoxypyridinoline and osteocalcin concentrations in the blood directly after calving 
(Taylor et al., 2009). Magnesium (Mg) works to facilitate the synthesis and release of PTH and 
so Ca and Mg balance have to be viewed together to be effective (Rude, 2004).  In a meta-
analysis, Lean et al. (2006) reported that the prepartum supply of Mg could be an indicator of the 
potential risk of hypocalcemia after calving (Lean et al., 2006). 
Russell and Roussel (2007) discussed how the imbalance of Ca and P, along with other 
macrominerals, can result in clinical symptoms in the early postpartum dairy cow.  Because Ca, 
P, and Mg are integrally linked, their homeostasis is affected by many of the same mechanisms 
and the fluctuations of one can cause a disruption in another.  Within blood serum, Ca, P, and 
Mg are divided into biologically active and bound, or complexed, fractions.  Calcium is 
approximately 50% active ionized Ca (iCa), 40% albumin bound, and 10% forming an anionic 
complex; Mg consists of 55% active ionized Mg (iMg), 30% protein bound, and 15% forming an 
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anionic complex.  The most common anionic binding is to bicarbonate, citrate, or acetate (Rosol 
et al., 1995).  In blood, P is found in 3 forms dissociated from phosphoric acid (Russell and 
Roussel, 2007).    Imbalances occur when there are drastic changes in the percentages of bound 
and unbound minerals.  Metabolic acidosis follows an increase in unbound iCa and alkalosis 
results from a decrease in unbound iCa and an increase in protein-bound Ca (Russell and 
Roussel, 2007).  
Sodium (Na), chloride (Cl), and potassium (K), are also tightly regulated minerals 
essential for cellular function.  Sodium’s main function as an extracellular cation is to maintain 
osmotic pressure and is greatly dependent on the hydration status.  Changes in K concentrations, 
either hyper- or hypokalemia, can cause skeletal, cardiac, and smooth muscle weakness.  
Chloride affects secretions of sweat, saliva, and gastric fluids, as the anion bound to the cations 
of Na, K, and hydrogen.  Hyperchloridemia is normally paired with hypernatremia, leading to 
excessive water loss and, with hypokalemia, renal failure (Russell and Roussel, 2007).   
Calcium Regulation 
While many health disorders originate from mineral imbalances, the importance of Ca to 
the dairy cow during the transition period has forced it to the forefront of research efforts in 
recent years.  The average dairy cow at peak lactation can lose 80 g of Ca per day through milk 
production alone.  When the distribution of Ca concentrations in different fluid fractions is 
compared blood Ca is 2.5 mM while milk and colostrum contain 25 to 30 mM and 62 to 75 mM, 
respectively.  Therefore, the available circulating iCa pools of 2 to 4 g must be replenished 20 to 
30 times per day in order to meet milk production demands (Horst et al., 2005).  From a different 
perspective, Ca calculated as a function of metabolic body weight (kg0.75) can illustrate the loss 
of Ca to different metabolic needs.  Fetal skeletal growth takes approximately 80 mg/kg0.75 and 
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initial onset of lactation requires roughly 500 mg/kg0.75.  To compare these requirements with 
other mammals, a human woman only secretes 0.3 to 0.5 g of Ca in her milk daily.  She uses the 
equivalent of her available blood Ca pools (6 to 7 mM) just 1 to 2 times per day and only uses 20 
mg/kg0.75 and 5 mg/kg0.75 to support fetal development and initial milk production, respectively 
(Horst et al., 2005).  At the end of gestation, a dairy cow requires only enough Ca for 
maintenance (10 to 16 g/d) and late stage fetal growth (3 to 6 g/d) with expected fecal loss of 
approximately 7 to 10 g/d.  However, at the onset of lactation 30 to 50 g/d of Ca is secreted in 
milk.  Therefore, any delay in endocrine signaling to replenish circulating Ca supply can have 
detrimental effects on the early postpartum cow (Horst et al., 2005). 
Most mammals maintain a plasma Ca concentration of 9 to 10 mg/dL, tightly regulated 
by the PTH pathway.  This key hormone works directly by stimulating bone Ca resorption, and 
indirectly by triggering the kidneys to produce 1,25 (OH)2D3 that increases gut Ca absorption 
(Goff and Horst, 1997).  Bone Ca is stored in two states: 1) the available Ca pool that exists in 
the fluids surrounding the bone cells and is easily accessed by PTH; and 2) the slower to 
mobilize Ca contained within the bone matrix (Brown et al., 1996).  The PTH can act on both of 
these states and gives the animal access to roughly 6 to 10 g/d of available Ca in an adult cow.  
The parathyroid can release PTH as quickly as 15 min after hypocalcemia is induced, but the 
downstream signaling is still time consuming (Ramberg et al., 1967). A faster avenue is through 
the use of 1,25 (OH)2D3 that can directly affect intestinal Ca absorption.  The 1-α-hydroxylase 
enzyme in the kidney is activated by PTH and, in turn, activates circulating vitamin D to the 1,25 
(OH)2D3 state to effect intestinal absorption of Ca (Nelson et al., 2012).   
The Ca is first moved through the intestinal lumen by specific Ca channels, transient 
receptor potential channel vanilloid (TRPV) 5 and TRPV6, then translocated from the brush 
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border to the basolateral membrane by way of a Ca-binding protein, calbindin.  Finally, Ca is 
passed through the basolateral membrane by using the Ca-ATPase mechanism (Hoenderop et al., 
2002; Horst et al., 2005).  The 1,25 (OH)2D3 works on this system by increasing the expression 
of Ca transporters and Ca binding proteins (Martin-Tereso and Martens, 2014).  The balance of 
Mg is also important in the calcium status of periparturient cows since it plays a key role in the 
release of PTH and synthesis of 1,25(OH)2D3.  In hypomagnesemic states the kidneys and bone 
are less responsive to PTH, which can affect renal calcium excretion (Lean et al., 2013). 
Health Impacts 
After parturition, milk production quickly drains the available Ca pools from the blood 
supply, which, as already mentioned, can cause dramatic health events if not treated 
immediately.  Clinical hypocalcemia (milk fever) experienced when blood Ca drops below 2.0 
mM, still affects 5 to 10% of dairy cows in the US, while subclinical hypocalcemia (SCH) is 
more prevalent at 30 to 40% of cows (Mulligan et al., 2006); specifically, 10 to 25% of first 
lactation cows and 40 to 60% of multiparous animals are likely affected by SCH (Caixeta et al., 
2015).  Because extreme hypocalcemia can lead to ataxia and recumbence, milk fever is also 
called parturient paresis (Oetzel, 2013).  There is still debate on how to define milk fever cases, 
with Ramos-Nieves et al. (2009) diagnosing milk fever at blood Ca levels below 1.375 mM or 
5.5 mg/dL (Ramos-Nieves et al., 2009).  Older cows are even more susceptible to contracting 
hypocalcemia than first lactation heifers.  While they can still increase blood PTH and 1,25-
dihydroxyvitamin D circulation in response to low blood Ca, they exhibit more exacerbated signs 
of hypocalcemia linked to a reduced Ca absorption efficiency (Wilkens et al., 2013). 
Clinical milk fever has immediate and dramatic health repercussions, normally resulting 
in death if untreated.  On the other hand, SCH can have long-lasting effects through 
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immunosuppression and impaired muscle tissue function (Kimura et al., 2006; Mulligan et al., 
2006).  Martinez et al. (2012) linked blood Ca levels of less than 2.15 mM to incidences of 
metritis.  The relationship between SCH and metritis could be related to a combination of 
impaired muscle contraction and decreased immune function (Martinez et al., 2012).  The innate 
immune system, which functions require many Ca dependent actions, is tasked with expelling 
the placenta and removing invasive pathogens from the uterus (Kimura et al., 2002; Hammon et 
al., 2006).  But, in a Ca-deficient environment these functions are impaired.  Kimura et al. (2006) 
demonstrated that dairy cows prepartum draw on intracellular Ca stores from the endoplasmic 
reticulum to maintain plasma Ca concentrations during the initial colostrum production.  This 
preliminary exhaustion of Ca stores correlated to the onset of clinical hypocalcemia days before 
it was measured through circulating Ca concentrations (Kimura et al., 2006).   
An innovative study by Ducusin et al. (2003) removed live polymorphonuclear 
leukocytes from a cow experiencing clinical hypocalcemia.  The authors found that phagocytosis 
activity was impaired, but when Ca was added to the growth medium, intracellular Ca stores 
were replenished and phagocytosis activity was restored (Ducusin et al., 2003).  The 
endoplasmic reticulum stores iCa and when this supply is depleted cells must draw on Ca in 
extracellular space (Brechard and Tschirhart, 2008).  Increased intracellular Ca, in combination 
with diacylglycerol activated by protein kinase C, is essential for the production of superoxide by 
NADP oxidase, which plays a key role in innate immune cell function (Li et al., 2000).  Calcium 
is essential for immune cells to not only identify and eliminate pathogens and cellular debris, but 
also to control the density of the cell (Quah and Parish, 2012).  In this way, Ca provides 
“structure” on a cellular level as it does through skeletal support for the whole organism (albeit 
by different mechanisms).   
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Calcium’s primary function in the immune system has led some to believe that a brief 
hypocalcemic state, less than 24 h after calving, is a sign that a dairy cow has undergone robust 
immune response to bacterial challenges after calving (Ramberg et al., 1970).  Moreover, with 
glucose being the primary energy source for cells of the innate immune system, this initial draw 
on energy resources can also lead to greater negative energy balance directly after calving 
(Schwarm et al., 2013).  While this idea is still debated, it is generally agreed that a delay in 
circulating Ca recovery or a secondary drop after the initial event following calving are 
indications of impaired health (Waldron et al., 2003). 
Calcium status also greatly affects the stability of milk produced by the dairy cow.  The 
stability of the casein micelle structure is correlated negatively with milk concentrations of ionic 
Ca which is heavily influenced by the metabolic and nutritional status of the pre- and postpartum 
dairy cow.  The stability of casein subunits bound together by micellar Ca phosphate plays a key 
role in how milk proteins can withstand heat processing (Martins et al., 2015).  Serotonin also 
can play a key role in milk quality.  Serotonin, a biogenic amine and tryptophan derivative, is 
primarily synthesized in the central nervous system to regulate mood and appetite, but also 
heavily influences peripheral tissues, including the mammary gland.  Serotonin can regulate 
mammary gland metabolism, influencing Ca concentrations transferred to the blood from bone 
(Hernandez-Castellano et al., 2017).  The immune status of the close-up gestating cow, based on 
Ca-dependent cellular reactions, is correlated to the transfer of immunoglobulins (Ig) to the 
colostrum, which is the standard measure of colostrum quality (Hernandez-Castellano et al., 
2017). 
Hypocalcemia has been linked to suboptimal smooth muscle function, which may be 
related to occurrence of DA, retained placentas (RP), and uterine prolapses (Chamberlin et al., 
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2013).  Chapinal et al. (2011) reported that, in 55 US herds, blood Ca concentrations below 2.2 
mM, or 8.5 mg/dL, was associated with a 2.7 times greater chance of contracting a DA in early 
lactation (Chapinal et al., 2011).  Even further, hypocalcemia has been linked to other metabolic 
disorders through the connection to negative energy balance (Chapinal et al., 2012).  Combined 
with immunosuppression, hypocalcemic cows are at a greater risk of contracting early 
postpartum cow disorders, such as endometritis and mastitis (Mulligan and Doherty, 2008).   
The decrease in gut motility reduces the flow of nutrients and exacerbates the decreased 
DMI seen around calving (Martinez et al., 2014).  For this reason, SCH has been proposed as one 
of the most expensive early postpartum cow disorders, even surpassing clinical milk fever 
(Oetzel, 2013).  And while other mineral deficiencies, such as hypomagnesemia (blood Mg less 
than 1.0 mg/dL) can lead to the development of grass tetany, hypocalcemia is regularly 
accompanied by other deficiencies.  Hypocalcemia paired with hypophosphatemia, which is 
associated with left side DA, decreased DMI, compromised hepatic function, and an increased 
risk of postparturient hemoglobinuria.  On the other hand, hyperphosphatemia occurs in concert 
with azotemia, right side DA dehydration, and a decrease in glomerular filtration rates (Russell 
and Roussel, 2007).  
Dietary Strategies 
To understand the importance of mineral manipulation in the transition period, it is 
important to understand the challenges we, as an industry, put on our production animals.  
Through a combination of genetic selection and management conditions to optimize milk 
production, dairy cows experience a drastic increase in Ca requirements at the initiation of 
lactation.  To maximize production, the common practice in the dairy industry is to breed 
lactating cows after a 70 day voluntary waiting period, or less.  This means, out of a 10 month 
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gestation with a dry-off date set for 50 days prior to calving, cows have to provide Ca for both 
fetal growth and milk production for over 50% of the lactation period (Horst et al., 2005).  And 
while there is udder involution during the approximate two month dry period, the mammary 
gland remains almost fully developed.  In addition to the breeding schedule, the common milking 
practices of collecting milk  2 to 3 times daily in short periods of time (8 to 10 min each) using a 
milking machine, cause sharp, drastic drops milk in comparison to short, frequent milk 
stimulations caused by a suckling calf (Horst et al., 2005).  This continuous drain on Ca stores 
means that understanding how the cow replenishes her supply is important in manipulating the 
mineral balance through dietary intervention.  
Contrary to what appears to be a logical solution, supplying additional Ca before calving 
will actually exacerbate the problem of hypocalcemia and result in greater incidences of clinical 
milk fever.  The combination of a delay in the signaling mechanism of the PTH pathway and the 
insensitivity of the PTH receptors of the kidneys can increase the length of time and severity an 
early postparturient cow spends in a state of hypocalcemia (Horst et al., 2005).  Instead, the use 
of mineral balance manipulation through the supplementation of either cations or anions, 
commonly referred to as the dietary cation-anion difference (DCAD), is used to prime Ca 
mobilization pathways (USDA, 2014).  Initially this technique sought to limit Ca in the 
prepartum diet to less than 20 g/d in order to stimulate bone resorption and intestinal absorption 
of Ca.  However, common US forages fed to dry cows are high in cations, especially K, which 
makes this approach impractical.  Feeding high forage diets, with a high K content, will create an 
alkalotic metabolic state that reduces PTH from binding to receptors in the kidneys and bone, 
therefore, limiting the signals for resorption and reabsorption of Ca (Goff et al., 2014).   
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Instead, the inclusion of anionic salts in the TMR can create an acidic metabolic 
environment by influencing the electrolytes in the blood.  This causes the body to respond via 
upregulation of available cations from the diet and bone stores to maintain the neutral net charge 
and increases Ca excretion through the urinary tract.  The negative DCAD ration for close-up dry 
cows is used by approximately 28% of US dairy operations (USDA, 2014).  Metabolic acidosis 
can reduce the risk of hypocalcemia in early postpartum dairy cows because of the increased 
sensitivity of PTH receptors in the kidney.  These receptors respond to the metabolic state by 
increasing the activation of 1,25(OH)2D3 circulating concentrations.  This can increase urinary 
Ca loss from less than 1 g/d to more than 6 g/d as other regulatory hormones act to maintain 
blood Ca concentrations in the optimum range, thereby increasing Ca turnover prepartum 
(Grunberg et al., 2011).   
The DCAD is commonly measured in milliequivalents per kilogram (mE/kg) of DM, 
calculated as 
𝐷𝐶𝐴𝐷 = (0.38𝐶𝑎 + 0.3𝑀𝑔 + 𝑁𝑎 +  𝐾 ) − (𝐶𝑙 + 0.6𝑆𝑂 + 0.5𝑃𝑂 ) 
This equation indicates specific assumptions of the bioavailability of the prevalent 
cations and anions in the diet.  The electrolyte minerals, Na, K, and Cl, are assumed to be 
completely absorbed, while Ca, Mg, S, and P have predetermined fractions associated with 
partial absorption (Horst et al., 2005).  Cows naturally consume forage-based diets that are high 
in cations, which increases the natural urine pH from 7 to 8.  The idea of a negative DCAD is to 
offer sulffates or chloride salts to create a negative DCAD balance and cause the pathways for 
Ca resorption from the bone to be primed prior to the onset of lactation.  This also alleviates the 
tissue insensitivity to the endocrine signals for greater Ca mobilization that is otherwise seen in 
the periparturient period (Goff et al., 2014).   
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Ration formulation software may also use multiple editions of the DCAD formulation 
based on either the Ender et al. (1971) for DCAD1 or Goff et al. (1997) for DCAD2 as 
𝐷𝐶𝐴𝐷1 = (𝑁𝑎 +  𝐾 ) − (𝐶𝑙 + 𝑆 ) 
𝐷𝐶𝐴𝐷2 = (0.15𝐶𝑎 + 0.15𝑀𝑔 + 𝑁𝑎 +  𝐾 ) − (𝐶𝑙 + 0.6𝑆 + 0.5𝑃 ) 
 These two commonly used formulas allow for the option of considering divalent ions of 
Ca, Mg, and P in addition to the basic formula only allowing for Na, K, Cl, and S.  When 
formulating a negative DCAD diet, Mulligan et al. (2006) recommended three criteria be met: 1) 
keep the DCAD between -100 to -200 mEq/kg of DM; 2) maintain a urine pH between 6-6.8 for 
a partially acidified diet; and 3) dietary Ca concentrations should be roughly 1.2% of the diet 
(Mulligan et al., 2006).  Inversely, a past meta-analysis cautioned against dietary Ca at 1.16% of 
DM as it increased the risk of milk fever (Oetzel, 1991).  Therefore, the formulation range of a 
negative DCAD prepartum and content of dietary Ca for an optimal response continues to be 
debated (Chan et al., 2006; Charbonneau et al., 2006; Kronqvist et al., 2011; Oetzel, 2000; 
Weich et al., 2013).   
Recommendations for other dietary cations were for P to remain less than 0.3% of DM 
and Mg at less than 0.4% of DM or at a concentration between 0.8 to 1.3 mmol/L (Mulligan et 
al., 2006).  However, there has been an industry-wide push to increase dietary Mg inclusion to 
0.45 to 0.50% of DM prepartum in order for the Mg supply to be available to aid Ca absorption 
and prevent SCH postpastum (Lean et al., 2006).  Rumen ion concentrations can be manipulated 
by dietary ion concentrations, both cation and anion sources.  There is an inverse relationship 
between dietary Na and rumen K or dietary K and rumen Na.  Feed efficiency responses that are 
related to potential ionophores in the diet can affect rumen Na and K and can be manipulated 
(Catterton and Erdman, 2016).  When manipulating the cations of the DCAD formulation it is 
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important to take into account that K is naturally found in many US forages that promote DMI 
and the addition of Na can cause cows to self-regulate intake (Iwaniuk et al., 2015). 
The common way to monitor the effectiveness of a DCAD diet is through a urine pH test.  
Constable et al. (2009) explained the link between urine pH and the net acid excretion of the 
animal.  Since manipulating the systemic acid-base balance is the goal of feeding a negative 
DCAD to prepartum cows, this relationship becomes vital to monitor the success of the diet.  
However, once urine pH drops below 6.3, the relationship becomes less clear.  Below this cut-
off, the ammonia-ammonium system of excretion aids in the removal of excess acids to stabilize 
the systemic net charge (Constable et al., 2009).  Urine production by the kidneys is an important 
bodily function to eliminate nitrogenous waste, conserve water, and regulate the acid-base 
balance.  The liver and kidneys host the urea cycle to detoxify ammonia, a byproduct of protein 
catabolism, which is heavily influenced by the diet and the functioning hepatic capacity (Russell 
and Roussel, 2007).   
Other commonly measured urinary metabolites are urea and creatinine that filtered freely 
through the kidney glomerulus and passively diffuses out of the tubules dependent and inversely 
related to the rate of urine flow.  Creatinine is the result of normal muscle metabolism and the 
degradation of creatine and can, therefore, be used to estimate overall urine production (Russell 
and Roussel, 2007).  In negative DCAD prepartum diets, there is a strong linear relationship 
between urine pH and urinary Ca:creatinine ratio (Grunberg et al., 2011).  This results in 
increased urinary Ca excretion in the prepartum period as a mechanism by which the body can 
stimulate greater bone Ca resorption and gut Ca absorption (Joyce et al., 1997).  Minimal 
increases in Ca excretion through the urine is a naturally occurring phenomenon during the 
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transition period without the stimulation of a negative DCAD ration and would point toward a 
normal increase in Ca turnover in anticipation of calving (Seifi et al., 2004). 
Besides the metabolic acidosis state a negative DCAD ration formulation creates, it 
increases the responsiveness of the PTH receptors in the kidneys, but also has an impact on 
calcitonin.  Prior to a recent study investigating this interaction, the role of calcitonin was unclear 
as the antagonist of PTH since it works to deposit Ca in the bone matrix and opposes bone Ca 
resorption.  Rodriguez et al. (2016) executed a creative study illustrating that calcitonin 
exacerbates the decrease in circulating blood Ca concentrations in borderline hypocalcemic cows 
during the delay in PTH synthesis by the thyroid gland and the final effects of PTH on Ca 
regulation.  The reason for this delay is still unknown.  However, under metabolic acidosis, 
calcitonin activity is impaired and, as previously stated, the PTH receptors are upregulated.  This 
combination of PTH and calcitonin reactions to metabolic acidosis resulting from a negative 
prepartum DCAD diet plays a pivotal role in maintaining calcium homeostasis in subclinically 
hypocalcemic early postpartum cows (Rodriguez et al., 2016).  Evidence also shows that the 
upregulation of 1,25(OH)2D3 with a negative DCAD diet could increase the vitamin D status in 
newborn calves before consuming colostrum.  However, long-term benefits were not confirmed 
(Weiss et al., 2015). 
Recent Advancements 
A meta-analysis by Charbonneau et al. (2006) discouraged use of negative DCAD diets, 
targeting a urine pH range of 5.5 to 6.0, to avoid limiting prepartum DMI expected from the 
proposed negative linear relationship between the negative DCAD and DMI (Charbonneau et al., 
2006).  However, this type of recommendation was based primarily on the presumed 
unpalatability of the anionic salts used to create a more metabolically acidic environment 
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(DeGroot et al., 2010).  A more recent study using a target urine pH of less than 6.5 reported no 
adverse effects on prepartum DMI (Weich et al., 2013).  Another study targeted a urine pH of 6.0 
to 6.5 for an extended time of six weeks instead of the more industry-normal close-up period of 
four weeks; the authors reported no adverse effects on cow health or blood metabolites (Wu et 
al., 2014).   
Leno et al. (2017) focused on creating a diet with more negative DCAD to maintain 
prepartum urine pH between 5.5 and 6.0 during the close-up period.  As expected, the linear 
decrease of the DCAD formulation lowered urine pH and increased urinary Ca excretion.  The 
adverse effects predicted from the earlier meta-analysis Charbonneau et al. (2006) did not occur 
in this study (Leno et al., 2017).  In another study, reducing urine pH to below 6.0 was shown to 
restore target tissue sensitivity to PTH (Goff et al., 2014).  Although the exact urine pH threshold 
that stimulates PTH tissue sensitivity is still in question, the application of exogenous PTH 
resulted in a rapid increase of 1,25(OH)2D3 circulation in the blood (Goff et al., 2014).  These 
results lead to the possible conclusion that the mechanism behind increases in circulating Ca 
during negative DCAD is the induction of metabolic acidosis that successfully stimulates tissue 
PTH sensitivity. 
In the previously mentioned study (Leno et al., 2017), reported a quadratic relationship 
between urine pH and DCAD.  Where partially acidified diets maintained a moderate urine pH 
range only slightly lower than the controlled neutral urine pH, the acidogenic diet caused a 
drastically lower urine pH range.  This study also reported an increase of approximately 8 g/d of 
Ca excretion when cows were given an acidogenic prepartum diet.  These authors theorized that 
this change could indicate a fundamental increase in Ca requirements during the prepartum 
period and subsequently alter the mechanisms used to regulate Ca homeostasis (Leno et al., 
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2017).  Recommendations for Ca supplementation during the prepartum feeding of diets with 
negative DCAD are, unfortunately, limiting at this time.   
The NRC (2001) calculated the Ca recommendation based solely on the sum of 
requirements for maintenance and milk secretion.  This recommendation does not compensate 
for increased immune activity or increased muscle tissue demands.  Past studies have attempted 
to supplement Ca to close-up dry cows with sometimes confounded results.  These studies used 
positive or only partially acidified DCAD diets, or included primiparous cows that have been 
shown to naturally differ in their capacity to maintain Ca homeostasis (Chan et al., 2006; 
Kronqvist et al., 2011).  Hestitations to increase daily Ca requirements in combination with a 
acidogenic diet have come from short exposures to this “high” Ca dose of 1.1 to 1.5 % of DM 
that was shown to greatly increase the risk of milk fever postpartum (Oetzel, 2000).  However, a 
more prolonged continuous Ca supplementation at the same rate through the entire close-up 
period resulted in low to moderate risks of milk fever (Lean et al., 2013).  Research in this area is 
further complicated by the cow’s tightly regulated system that will maintain prepartum blood Ca 
concentrations by compensating increased turnover with increased Ca concentrations in the urine 
(Ramos-Nieves et al., 2009).  The success of a specific DCAD and Ca supplementation strategy 
would need to be determined by how well the cow is able to transition from a gestating state to 
lactating state. 
The dairy industry has also generally embraced the use of oral Ca supplements that can 
be administered after calving to support immune and muscle function until the homeorhetic 
mechanisms to stabilize circulating Ca are fully activated (Ducusin et al., 2003).  Giving 
subcutaneous Ca infusions instead of oral supplementation may also be an alternative to a 
negative DCAD prepartum diet and reduce the risk of common metabolic disorders such as 
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metritis, endometritis, hypocalcemia, and improve immune status markers (Amanlou et al., 
2016).  Providing Ca boluses that provide a slow release of Ca lasting between 2 and 4 h, 
depending on the dosage, also has the potential to eliminate subclinical hypocalcemia (Martinez 
et al., 2016).  This method is labor intensive, but has shown promise in the industry.   
Other treatments have focused on Ca injections, such as the CMPK solution of Ca, Mg, 
P, and K.  However, excessive treatment of Ca given intravenously can impede adaptation by 
triggering the calcitonin response to remove excess Ca from the system.  Through the delay, this 
treatment can actually predispose cows to compromised health and performance by creating a 
secondary Ca drop, sometimes lower than the first (Blanc et al., 2014).  Another study also 
cautioned against the injected supplements being used as a fix-all solution.  Giving this 
supplement to animals that have experienced dystocia was not recommended.  The supplement 
did not affect energy balance metabolites or inflammatory factors.  There is also a possibility of 
providing one mineral without balancing for other interacting minerals, such as Mg and K, can 
increase the risk of other mineral deficiency related disorders (Benzaquen et al., 2015).  In oral 
Ca dosing, the type of calcium salt is also important since calcium chloride has been linked to 
severe acidosis and can be an irratent to the mouth, throat, and ruminal mucosa.  On the other 
hand, calcium propionate supplementation as a fresh cow treatment can provide an advantage 
since it is also glucogenic, which may help to reduce the risk of ketosis as well as hypocalcemia 
(Lean et al., 2013).   
All methods of mineral manipulation should be approached cautiously.  However, there is 
extensive evidence available that indicates that intervention is needed in our modern dairy cow 




A constant goal for the dairy industry is to promote cow health while also increasing 
production efficiency.  Among many supplements providing positive production effects, live 
yeast and yeast fermentation products have been scrutinized closely in the past few decades 
(Wang et al., 2009; Poppy, et al., 2012).  These additives may be a cost effective way to improve 
overall performance in both growing calves and mature dairy cows.  Some yeast strains and 
products have been linked to improved health effects and many research trials have explored the 
possibilities of yeast supplementation in this area (Zaworski et al., 2014).  However, several 
authors have cautioned readers about the results that have shown variation based on the yeast 
strain, diet composition, environment, and stressors faced by cows on different farms (Robinson, 
1997; Hristov et al., 2010; Mullins et al., 2013).   
While the exact mechanism of action is not fully understood, Beauchemin et al. (2006) 
discussed the wide use of yeast products in the dairy industry.  The authors reported that the 
generally accepted mechanism of yeast products is their ability to increase ruminal fiber 
degradation and flow of microbial protein from the rumen through the manipulation of bacterial 
growth.  The greatest responses have been reported in early lactation when the animals abruptly 
changed from a generally high forage diet prepartum to a high concentrate diet postpartum.   
The authors cautioned against grouping all yeast products together in regards to 
reliability, stating that the strain diversity of commercially available products have produced 
highly variable results (Beauchemin et al., 2006).  There are two broad categories offered 
commercially: live yeast and yeast cultures, which includes yeast fermentation products.  Each 
type has a unique manufacturing procedure that captures different products that may exert unique 




Live yeast is characterized by the presence of viable or active cells, commonly present at 
least 1010 colony forming units per gram of a Saccharomyces cerevisiae (SC) strain.  These cells 
are dried to maintain their activity and viability, and in some cases delivered in a mixture that 
includes the fermentation medium to provide a carrier for other limiting nutrients.  For example, 
one study looked into a yeast supplement that was enhanced further with the addition of 
selenium.  The supplement improved milk yields, increased milk selenium, and increased rumen 
fermentation through stimulation of digestive microorganisms or enzymes (Wang et al., 2009).  
When looking specifically at the benefits of yeast supplementation, this study should not be used 
because of the confounding effects the selenium addition.  
Mode of Action 
Chaucheyras-Durand et al. (2008) compiled a review of the effects of active dry yeast 
(ADY) on the rumen microbial ecosystem and found three main categories where 
supplementation impacted the animal.  First, as a result of ADY surviving ingestion and 
remaining active in the rumen environment, it is thought to interact with the autochthonous 
microbial species involved in feed digestion.  The “resident” autochthonous microbes are those 
thought to play a distinctive role in the rumen, in contrast to the “transient” allochthonous 
microbes.  In young ruminants this interaction of ADY and the microbial population can: 1) 
improve the rumen’s maturity by increasing microbial establishment, 2) interfere with lactic-acid 
producing bacteria to stabilize ruminal pH, and 3) enhance plant degrading microorganisms to 
increase fiber digestion (Chaucheyras-Durand et al., 2008).  Another study compared live yeast 
with a basic exogenous buffer, sodium bicarbonate, for its ability to modulate rumen pH after 
feeding.  They found that while the rumen pH stabilization was similar, the ADY was more 
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effective in reducing ruminal lactate concentrations, from 67% to 26%, in cows fed a high corn 
silage diet (Marden et al., 2008).   
A meta-analysis compiled by Desnoyers et al. (2009) supported Chaurcheyras-Durand’s 
findings of elevated (+0.03 units) ruminal pH and (+2.17 mM) VFA concentration in 
combination with decreased (-0.9 mM) rumen lactic acid concentrations.  In addition, Desnoyers 
et al. (2009) also reported an increase (+0.44 g/kg of BW) DMI, (+1.2 g/kg of BW) milk yield, 
and (+0.05%) milk fat production.  No consistent effects were observed on the acetate to 
propionate ratio or milk protein production.  Overall, as concentrate percentage in the diet 
increased, positive effects of yeast supplementation on increasing in DMI led to greater ruminal 
VFA production (Desnoyers et al., 2009).    
Another potential mode of action for ADY supplementation proposed by Newbold et al. 
(1996) was decreasing the amount of oxygen in the rumen, but this is still debated.  The 
inclusion of SC in the diet was thought to create a more anaerobic environment by consuming 
oxygen available in the rumen.  The influx of oxygen entering the rumen from the saliva and 
food intake can cause the rumen environment to not be optimal for anaerobic bacteria.  In 
particular, oxygen inhibits the adhesion of cellulolytic rumen bacteria to the cellulose present.  
With the introduction of ADY to the rumen, the concentrations of oxygen entering the rumen can 
be decreased by approximately half (Newbold et al., 1996).  Through the modification of the 
rumen environment, populations of lactate-utilizing bacteria, such as S. ruminantium and M. 
elsdenii, are then able to increase and therefore increase the digestion of cellulose (Callaway and 
Martin, 1997).  Some have accepted this mechanism as a blanket explanation, while others have 
looked more closely into differences by strains and variations caused by species. 
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Impacts on Ruminal Acidosis 
As the studies into ADY supplementation have progressed, researchers have begun 
exploring the impact of these products on health status, as well as the production of the animals.  
With ability of ADY to the stabilizae of ruminal pH, Thrune et al. (2009) used ADY in late 
lactation dairy cows to measure how supplementation affected subclinical ruminal acidosis 
(SARA).  They found that an increase in ruminal pH, which reduced the time spent under the 
SARA threshold of 5.6, did impact the health of the cow, but at the expense of also reducing 
VFA concentration.  There was no effect on DMI or ruminal ammonia in this study (Thrune et 
al., 2009).  Another study explored how two different strains of an ADY product interacted with 
ruminal acidosis to affect methane production in dry cows.  One strain successfully decreased 
methane emissions by 10%, when adjusted by DMI.  This, regrettably, increased the risk of 
acidosis when paired with a 50:50 concentrate to forage ratio TMR.  The proposal for future 
research was aimed at feeding this strain to cows on high forage diets where the risk of acidosis 
was decreased, but the production of methane was increased (Chung et al., 2011).   
Chung et al. (2011) also discussed SC strain differences and illustrated the variation in 
results obtained from two similar strains.  The authors encouraged the need for additional 
research to be conducted on each commercial yeast product that is developed (Chung et al., 
2011).  The strains used by Newbold and Rode (2006) likewise showed variation and the authors 
emphasized that strain selection is key for commercial products to result in minimizing acidosis 
and promoting ruminal fermentation through the action of improving fiber digestion (Newbold 
and Rode, 2006). 
38 
 
Effects of Species, Environment, and Substrates 
Researchers focused on the effects of ADY supplementation in different ruminant species 
have tested the reliability of SC strains to deliver the desired production improvements seen in 
cattle.  A study examined the interaction of probiotic yeast with dietary nitrogen concentrations 
in dairy goats (Giger-Reverdin et al., 1996).  The authors proposed that an increase in the 
facilitation of body energy reserves converted to milk fatty acids resulted in an increased of 
overall FCM yield in the early postpartum period.  However, while another study with dairy 
goats reported the same positive effects of ADY supplementation, they suggested a different 
mechanism (Stella et al., 2007).  The improved milk production, related to an increase in DMI, 
did not affect body condition in this study and so does not agree with the mobilization of energy 
reserves to improve production.  Instead, the resulting increased milk production was credited to 
a greater stability of the ruminal and intestinal ecosystem (Stella et al., 2007).  A meta-analysis 
in sheep conducted by Sales (2011), also reported positive effects of ADY supplementation on 
the digestibility of dry matter (DM), organic matter (OM), and CP.  Yet, the major variability 
among studies, with ≥ 50% indicating no consistent effects, were the reports on growth, DMI, 
ruminal parameters, and fiber digestion (Sales, 2011).  These reports in small ruminants may 
indicate a difference in the mode of action for the various ruminant species or support the claim 
that specific yeast strains can determine how the supplement will impact the animal.  
Whether the impact on the rumen environment is directed toward enhancing specific 
microbes or improving the general rumen environment, ADY supplementation has been reported 
to have an indirect effect on feeding behavior.  Cows receiving ADY ate smaller, more frequent 
meals that led to more frequent rumen turn-over, which likely aided in stabilizing the rumen 
environment.  This then might lead to more efficient fiber digestion throughout the day (DeVries 
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and Chevaux, 2014).  The effects of this change in feeding behavior may be linked to the 
changes in the ruminal pH as observed in other studies, with the ruminal pH naturally decreasing 
as time since the last intake of the basal ration increases.  The severity of that decrease is 
lessened in cows supplemented with ADY (Bach et al., 2007).  While Bach et al. (2007) 
attributed the effectiveness of yeast supplementation to a combination of more frequent meals 
and the mechanisms by which ADY modified the rumen environment, it was interesting to note 
that the supplement required at least one week of adaptation to be effective (Bach et al., 2007).   
Another key factor that influences the efficacy of live yeast products is the TMR 
composition.  In one study, ADY supplements (2 and 4 g/cow/day) combined with a high starch 
diet (30% of DM) tended to increase milk fat and total-tract fiber digestibility when compared 
with supplementation to low starch diets (20%; Ferraretto et al., 2012).  When variations in 
neutral detergent fiber (NDF) were targeted in another study, only 1 g/d of SC supplementation 
was required to alleviate pH depression and decrease lactate concentration.  These cows were fed 
either a low or high quality corn silage diet.  Quality was determined by the degree of NDF 
degradation with low degradation ranging from 0.20 to 0.30 and high degradation ranging from 
0.35 to 0.45 (Guedes et al., 2008).   
An earlier in vitro study looked at how SC supplementation interacted with ground corn, 
soluble starch, alfalfa hay, and coastal bermudagrass hay, as the only substrate sources.  When 
ground corn and coastal bermudagrass hay were used, SC had no effect on pH, acetate, 
propionate, or butyrate concentrations.  However, when the soluble starch was used the 
acetate:propionate ratio was decreased, and when alfalfa hay was substituted the final pH was 
increased with greater DM disappearance.  The substrate preferences exhibited by SC when 
presented with common forage substrates led authors to believe that SC supplementation would 
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have no biological effects on milk production, ruminal fluid pH, or total VFA concentrations 
when applied in vivo (Lynch and Martin, 2002).  Nonetheless, ADY products have been linked 
to positive effects in studies where many other factors can influence the success of a supplement. 
The impact of the environment on the cow is a prime example of outside elements that 
can influence ADY success and variation.  A high temperature environment, particularly heat 
stress, can reduce intake and cause the animal to rely heavily on stored energy.  Rhoads et al. 
(2009) reported that decreased DMI from heat stress could cause up to 35% of the decrease in 
milk yield.  The differences in the basal NEFA concentration also suggested a shift in post-
absorptive metabolism and nutrient partitioning (Rhoads et al., 2009).  Providing a highly 
digestible feed in the summer season can improve nutrient flow and, consequently, cow 
performance.  With supplementation of ADY linked to improved digestibility and altered feeding 
behavior, it has been tested as an additive to enhance DMI during summer months.  Moallem et 
al. (2009) reported ADY supplemented during the summer season (31.2 ± 1.6°C) resulted in 
small improvements in DMI and milk yield, and a 6.1% increase in 4% FCM (32.8 to 34.8 kg/d).  
Enhanced efficiency was also evidenced by a lower concentration of ammonia within the rumen 
(151.9 to 126.1 mg/L), indicating a greater microbial ability to use the available nitrogen 
(Moallem et al., 2009).   
A later study also showed marginal milk yield improvement, +1.3 kg/d, with SC 
supplementation, along with an increase in lactose production.  However, the improvements in 
production were not credited to enhanced digestibility as the previous study theorized.  Instead, 
the regulation of the body’s homoeothermic state was suggested as the mode of action since 
there was no effect on ruminal pH, protozoa, or other organic acids observed (Salvati et al., 
2015).  In transition cows coming off of pasture, Al Ibrahim et al. (2012) looked at ADY 
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supplementation on the rumen pH and VFA concentration.  They found a positive effect of 
increasing pH by reducing lactic acid concentrations and subsequently greater total VFA 
concentration, illustrating that ADY may impact abrupt diet changes (Al Ibrahim et al., 2012). 
Yeast Culture 
Rupturing live yeast to create yeast culture (YC) or extracting only the yeast fermentation 
product (SCFP) differs from ADY because of the lack of live yeast cells.  This means, on a 
commercial level, there is no minimum requirement for colony forming units in a dose.  This 
creates more variability among products depending on the concentration of the product and the 
rate it is fed to the cow.  Because the product contains the cultures the yeast is grown in, 
additional nutrients can be added into the growth medium to enhance the properties of the final 
supplement.  Erasmus et al. (2005) treated cows with a combination of YC and monensin.  They 
found that with or without monensin, the YC was able to increase the proportion of propionate 
and decrease the acetate:propionate ratio when compared with a control.  Monensin 
complemented the YC to increase DMI and milk yield (Erasmus et al., 2005). 
Mode of Action 
The mode of action for these products has been as extensively debated similar to the 
situation for ADY.  Kamalamma et al. (1996) reported that YC supplementation did not 
influence feed digestibility, but enhanced rumen microbial incorporation of ammonia nitrogen 
(Kamalamma et al., 1996).  Another study with ruminally and duodenally cannulated cows fed 
corn stalks also attempted to quantify digestive events.  Although YC supplemented cows 
showed an increase in the degradability of acid detergent fiber (ADF), improving microbial 
activity and population growth, they did not see any improvement in digestive efficiency 
(Doreau and Jouany, 1998).  A more recent study (Allen and Ying, 2012), summarized the 
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possible mechanisms of YC action: 1) a stimulation of fiber digesting bacteria that can lead to 
increases in digestibility and fiber clearance; 2) a stimulation of lactic acid utilizing bacteria that 
decreases the abundance of lactate in the rumen and so increases pH; or 3) an increase in 
microbial protein flow to the duodenum with the interaction with available nitrogen.  In this 
study that tested the effects of YC on starch digestibility, the proposed mode of action for YC 
was to decrease the rate of ruminal starch digestion while not affecting starch passage rate, which 
led to stabilization of the ruminal environment and supported the greater milk production 
observed (Allen and Ying, 2012).  Variability among studies with YC may be introduced by, 
outside factors, which demonstrates the need for a broader overview of many studies to 
determine the average results that can be expected when using YC. 
A meta-analysis conducted by Poppy et al. (2012) determined the effects of SCFP on 
production variables.  They reported an overall positive effect, including milk yield (+1.18 kg/d), 
milk fat and protein yields (+0.06 kg/d and +0.03 kg/d), and ECM (+1.65 kg/d).  It was 
interesting to note that while milk protein yield increased due to greater milk yield, the milk 
protein percentage actually decreased by -0.03% after SCFP supplementation.  There was also a 
difference in how SCFP impacted DMI when dividing the lactation period into early and mid-
lactation period.  During the early postpartum period, when cows are unable to consume enough 
energy to support lactation requirements, supplementing YC increased DMI by +0.62 kg/d 
(Poppy et al., 2012).  Increased DMI would decrease the reliance on stored body reserves, 
lessening the NEFA mobilized and taken up by the liver. 
A link between milk production and ruminal VFA concentration has been well 
documented when supplementing YC.  Piva et al. (1993) reported small, but consistent, 
improvements on milk yield (from 25.4 to 26.2 kg/d), 4%FCM (21.6 to 23.6 kg/d), and milk fat 
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(0.78 to 0.90 kg/d) when cows were supplemented with YC (10 g/d) compared with non-
supplemented controls.  Acetate concentration and the acetate:propionate ratio also were greater 
in the ruminal fluid of the supplemented cows (Piva et al., 1993).  A later study reported an 
increased molar percentage of propionate, and a decreased acetate:propionate ratio when YC was 
supplemented at 0.5% of the diet (Enjalbert et al., 1999). Lascano and Heinrichs (2009) 
discussed the ammonia-nitrogen and VFA concentrations in the rumen of dairy heifers 
supplemented with low, medium, and high concentrations of YC.  They found that all inclusion 
rates altered the acetate:propionate concentrations and theorized that this would alter the ability 
of the animals to utilize end-products (Lascano and Heinrichs, 2009).  Similar to ADY, the 
effects discussed in these articles and the theories generated for the mode of action of YC are 
dependent on the specific strain being used in the experiment. 
Differences among Organisms, Strains, and Substrates 
Miranda et al. (1996) compared a common YC with Aspergillus oryzae on ruminal 
fermentation.  Both increased in situ digestion of alfalfa hay NDF at 48 h and increased 
propionate concentration.  However, there was no difference in ruminal pH or starch digestion.  
The two organisms were thought to have different mechanisms that would lead to different 
results, but instead they worked in a similar fashion (Miranda et al., 1996).  Yoon and Stern 
(1996) also studied these two supplements and reported an increase in ruminal digestion of OM 
and slowed duodenal nutrient flow (Yoon and Stern, 1996).   
On the other hand, Miller-Webster et al. (2002) tested two different YC originating from 
different strains of SC for effects on ruminal microbial metabolism.  One strain increased molar 
percentage of propionic acid and reduced acetic acid, which resulted in a lower ruminal pH than 
the other strain.  The second strain increased microbial N/kg of DM digestion and increased 
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numbers of ruminal microbes, which increased rumen pH (Miller-Webster et al., 2002).  There 
are also differences in how the YC is handled with one study looking at the effects of YC 
combined with enzymatically hydrolyzed yeast on general performance.  The results showed an 
increase in milk yield, FCM, and ECM, but no effect on milk fat, lactose, or milk urea nitrogen 
(MUN).  Interestingly, supplementation lowered SCC that led to better mammary gland health, 
but with no difference in metabolic health (Nocek et al., 2011). 
Other than SC strain differences, YC can also result in different responses to the diverse 
substrates in feeds consumed by cattle.  Sullivan and Martin (1999) determined the effect of YC 
on microbial digestion of corn, maltose, or lactate as a substrate with little success.  Conversely, 
when tested with more fibrous substrates, hay or bermudagrass, the YC resulted in increases of 
several fermentation products and increased the rate of DM disappearance from forage fibers 
(Sullivan and Martin, 1999).  These results confirmed an earlier study that used barley as a 
feedstuff and found that YC supplementation improved fiber degradation in the rumen 
presumably by elevation of rumen pH (Williams, 1991).  This would indicate an effect on 
ruminal stoichiometry, leading to increases in the rate of fiber degradation, which can further be 
linked to an increase in productivity in the cow. 
The idea of testing different feedstuffs to determine if the YC created different responses 
was expanded upon by Hadjipanayiotou et al. (1997) by measuring the effects in small 
ruminants.  The ruminally cannulated goats and ewes showed no difference in performance or 
the degradability of the feedstuffs in the rumen when YC was supplemented with barley grain, 
soybean meal, barley straw, barley hay, or lucerne hay (Hadjipanayiotou et al., 1997).  A later 
study in which YC was supplemented to feedlot lambs reported improvements in microbial CP 
synthesis and BW gain (Tripathi and Karim, 2010)  A follow-up study reported increases in 
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DMI, growth, microbial growth in the rumen, and a decrease in ruminal acidosis (Tripathi and 
Karim, 2011).  Even in different dairy breeds, Jerseys and Holsteins, supplementing YC has 
improved DMI directly before calving and through the high period of lactation.  Increased DMI 
stabilizes body condition loss and reduces mobilization of energy stores to support milk 
production (Dann et al., 2000) 
Additional Benefits 
As the interest in YC as a feed additive has grown, research has been expended toward 
possible additional benefits of YC supplementation.  Schingoethe et al. (2004) determined how 
YC supplementation affected mid-lactation cows under heat stress (mean 33°C) during the 
summer.  Feed efficiency was improved (+7%) but no differences occurred in milk production, 
FCM, ECM, and DMI (Schingoethe et al., 2004).  Another study found less favorable effects, 
with the YC supplement unable to off-set the effects of heat-stress (37.8°C vs. 18°C) to decrease 
milk production and lactose levels (Shwartz et al., 2009).   
Another study fell somewhere between responses of those experiments, with cows 
supplemented with YC having no effect on DMI under heat stress conditions, but improving 
production of milk, milk protein, solids-not-fat, and lactose, although blood metabolites 
remained the same (Bruno et al., 2009b).  Other than mitigating environmental stressors, YC 
supplementation also has been tested for effects to reduce ruminal methanogenesis in the rumen 
through modifying fermenters in vivo.  While the results varied, YC supplementation decreased 
methane production on average by 27%, with a range from 0% to 58% (Newbold and Rode, 
2006). 
In transition cows, YC has been used to minimize the negative effects of this period 
around calving on the rumen.  Zaworski et al. (2014) fed 56 g/d of a SCFP and reported 
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increased DMI in the transition period and greater milk production (+5.2 ± 2.3 kg/d) during the 
first four weeks postpartum.  The authors proposed that the challenge of physiological changes 
around calving, such as suppressed immune function that can increase the risk of infection, might 
be ameliorated by ruminal fermentation modifiers.  The authors theorized that these modifiers 
could improve immune function during this time by activating both innate and adaptive immune 
responses.  In addition to improved milk production, supplementation of SCFP increased 
concentrations of haptoglobin (HG) and serum amyloid A (SAA) in blood (Zaworski et al., 
2014).  While prolonged high concentrations of these acute phase proteins is related to 
inflammation and infectious diseases, a short-term elevation can promote the first phase of the 
nonspecific immune response to protect against disease (Zaworski et al., 2014).  Farney et al. 
(2013) proposed that suppression of a normally occurring low degree of inflammation during the 
first week postpartum actually may inhibit metabolic adaptations to the increased nutrient 
requirements for lactation.  Supplemental YC also modulated the expression of genes involved in 
inflammation, along with the recruitment and activation of immune cells, when tested in cells 
from the ileum of a mature boar.  In these epithelial cells, both the transcription and protein 
abundance of proinflammatory genes, such as IL-6 and IL-8, were decreased by YC (Zanello et 
al., 2011). 
Yuan et al. (2015) also reported on the immune system of cows supplemented with YC 
and enzymatically hydrolyzed yeast.  Both humoral and mucosal immunity were enhanced by 
YC supplementation, with a modulation of uterine inflammatory signals and improved mammary 
gland health.  Mucosal surfaces of the intestinal and reproductive tracts are important routes of 
entry of microbial pathogens into the host animal and epithelial cells lining mucosal surfaces 
form the mechanical barriers.  To measure the effect on humoral immunity, increasing YC dose 
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linearly increased plasma anti-ovalbumin IgG titers following ovalbumin challenges.  Increases 
of mRNA for IL-6, IL-8, neutrophil myeloperoxidase, and neutrophil elastase were measured in 
uterine biopsy samples at day 7 in response to the linear increase in YC supplementation (Yuan 
et al., 2015b).  However, milk fat, protein, and lactose were affected, there was no difference in 
DMI, water intake, feeding behavior, milk yields, or plasma NEFA (Yuan et al., 2015a). 
Variations of Live Yeast and Yeast Culture 
As discussed already, a common theme of studies with ADY or YC is the caution by 
authors to the reader regarding the possibility of variation in response.  The frequency and range 
of differences can raise the question of whether ADY or YC are worth investing in for either 
production or health benefits.  To answer that question, we must look at the studies that reported 
null results as well as the positive results.  Roa V et al. (1997) reported no effect of YC 
supplementation on digestion of NDF and CP in specific fiber sources tested.  However, when 
pairing YC was fed with alfalfa hay, there was improvement of potential digestibility of NDF 
and CP (Roa V et al., 1997).  Kung et al. (1997) tested YC in vivo and in vitro, and reported that 
while YC remained metabolically active in sterilized ruminal fluid, it failed to affect milk 
production (Kung et al., 1997).   
Some authors have openly questioned the mode of action often agreed upon, reporting no 
enhancement of ruminal fermentation and no effect on the reduction of DMI before calving 
(Robinson, 1997).  In other studies YC has been linked to improved fiber digestion, but was 
found to be ineffective on digestion of cottonseed either coated with corn starch or supplemented 
with urea (Cooke et al., 2007).  When YC was supplemented during heat stress, no effect on 
reproductive efficiency was detected (Bruno et al., 2009a).  In other studies focusing on 
production, the tested YC product failed to result in any measured effects (Robinson and 
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Erasmus, 2009).  Another study reported no effect of YC and SCFP on concentrations of total or 
individual VFA, protozoal counts, or methane production.  Coupled with no changes in milk 
fatty acid composition, MUN concentration, or rumen pH, this study was a prime example of 
unknowns that can affect responses to SCFP (Hristov et al., 2010).  Even when tested with 
different feedstuffs, SCFP had no effect on rumen microbial populations in supplemented 
lactating dairy cows (Mullins et al., 2013).   
These studies and the ones discussed previously lend weight to the conclusion that each 
yeast supplement developed must be treated as a new product that requires evaluation and 
verification.  Numerous environmental and nutritional factors can contribute to the success of 
these supplements on production or health, and these factors must be quantified and reported.  
However, while this variation does present a concern, the potential wide-spread benefits seem 
worth investigating further. 
TRANSITION HEALTH AND IMMUNE STATUS 
Metabolic disorders and physical disorders are an unfortunate reality that dairy producers 
have to face in any production practice.  The intensive selection of genetic traits that heavily 
favor increased milk yields have come at the cost of immune health and reproductive efficiency 
(Lucy, 2001).  In addition to immediate costs of treating these disorders, they also can have long 
term effects that can reduce overall milk production during the current lactation and increase the 
risk of incidence for future lactations (Wilde, 2006).  Nutritional strategies are an essential tool 
to reduce the risk factors from common production disorders.  
Early Postpartum Cow Challenges 
Early postpartum cow disorders can be divided into metabolic disorders caused by 
imbalances in availability of metabolic substrates, physical disorders linked to metabolic 
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disorders combined with the trauma of calving, and resultant fertility challenges (McNamara et 
al., 2003).  Minimizing the risk factors that can lead to common early postpartum cow disorders 
is an important area of research.  Although there are a variety of medical treatments to minimize 
or correct the clinical cases of these disorders, many preventative nutritional and managerial 
strategies continue to be developed (Lean et al., 2013). 
Metabolic Disorders 
Related strongly to the prepartum diet, fatty liver disease (hepatic lipidosis) is a long-term 
disorder that can ultimately lead to mortality.  Fatty liver results from a high concentration of 
lipids, primarily TG, in the liver that overwhelms the liver’s capacity to process them.  The 
mobilization of fatty acids as NEFA from adipose tissue to support the nutrient demands of 
lactation is a normal biological phenomenon controlled by the endocrine system.  However, 
when excessive or prolonged NEFA concentrations in the blood result in an accumulation of TG 
in the hepatocytes, liver function is impaired.  Blood urea concentration also can increase in the 
periparturient period when amino acids mobilized from skeletal muscle or from dietary protein 
supply are metabolized to produce glucose and energy.  Mulligan and Doherty (2008) estimated 
that 85% of glucose for metabolism comes from gluconeogenesis in the liver, and the ability ot 
provide sufficient glucose can greatly affect feed intake regulation, fertility, and immunity.  
Propylene glycol and rumen-protected choline can help prevent fatty liver by decreasing lipolysis 
or facilitating the export of FA from the liver as very low density lipoproteins, respectively.  
Both supplements can be given together since they use different methodologies (Mulligan and 
Doherty, 2008).   
The NEFA in the liver can be processed one of three ways: 1) NEFA can be oxidized to 
carbon dioxide to provide energy; 2) NEFA can be partially oxidized to produce ketone bodies or 
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acetone which are transported for the use in other tissues; or 3) NEFA can be esterified to TG or 
phospholipids (Wathes et al., 2007).  When oxidative and export pathways are at capacity, fatty 
liver can occur as NEFA continue to be esterified to TG.  Cows are at greater risk of developing 
fatty liver if they have higher Body condition scores and low intakes around calving that causes 
preemptive fat mobilization.  Clinical signs include severe depression, weight loss accompanying 
a loss of appetite, and muscle weakness (Ingvartsen, 2006). 
Highly correlated to fatty liver, ketosis is one of the most common early postpartum cow 
metabolic disorders.  Ketosis, also known as hyperketonemia, is defined as a high concentrations 
of the ketone bodies acetoacetate, BHB, and acetone.  Primary ketosis occurs when the glucose 
demands exceed the substrate supply or liver’s capacity for gluconeogenesis.  Secondary ketosis 
is caused by other metabolic disorders, such as fatty liver disease.  Lower DMI increases FA 
mobilization decreases plasma glucose concentration and increases concentrations of ketones and 
NEFA.  Finally, butyric acid ketosis and underfeeding ketosis come either directly from high 
butyrate concentrations in silage that increase circulating BHB or by insufficient diet 
formulations causing a glucogenic precursor deficiency, respectively (Ingvartsen, 2006).  
Propylene glycol has long been shown to have a positive effect in early postpartum cows by 
preventing and treating clinical ketosis.  McArt et al. (2011) explored the effect of propylene 
glycol on milk yield as a way to resolve subclinical ketosis.  In that study propylene glycol 
improved milk yield by 0.23 kg/milking (McArt et al., 2011). 
As discussed earlier, clinical hypocalcemia (milk fever), normally occurs within the first 
24 h after calving as a result of Ca concentrations decreasing below 5.5 mg/dL.  In contradiction 
to the common name, signs include a reduction in body temperature from 38.3-39.4°C to 35.6-
37.8°C and a rapid cooling of the extremities, such as the ears.  Other indicators include a dry 
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nose, appearing dull or listless, and trouble standing or walking with visible muscle twitches.  It 
is characteristic for cows to assume a posture of recumbence with the head held to the side of the 
cow.  The heart rate increases from 60 to 70 beats/min to over 120 beats/min and the animal can 
lose consciousness.  At this stage, there is a 60 to 70% chance the animal will die if not treated 
immediately with 8 to 10 g of borogluconate Ca given IV to replenish blood Ca while the Ca 
transport mechanisms adapt (Horst et al., 2005).  Even if hypocalcemia does not reach the 
clinical level, subclinical cases have been linked to other metabolic disorders (Chamberlin et al., 
2013).  Subclinical hypocalcemia at the time of calving can affect lipid metabolism indicated by 
increased plasma NEFA concentrations and increased lipid deposition in the liver in 
hypocalcemic cow groups.  The degree of liver tissue infiltrated with lipid is generally is 
associated with preceding elevations in plasma NEFA concentrations (Chamberlin et al., 2013; 
Hernandez-Castellano et al., 2017).   
Calcium is required for smooth muscle contraction and SCH can decrease gut motility, 
leading to decreased DMI and a greater negative energy balance.  In addition to reduced muscle 
contractions, SCH contributes to immunosuppression and has been linked to mastitis, dystocia, 
uterine prolapse, retained placenta (RP), endometritis, a delay in uterine involution, ketosis, and 
displaced abomasum (Wilde, 2006, Martinez et al., 2012).  Even before calving, cows that later 
developed SCH exhibited behavioral changes indicating discomfort or distress.  One study 
observed that at-risk animals had an almost 3 h increased standing time in the 24 h period 
directly before calving compared with low risk animals (Jawor et al., 2012). 
More localized transition cow disorders within the reproductive system are metritis and 
endometritis.  Metritis is an inflammation of the uterus marked by foul-smelling purulent 
discharge, listlessness, fever, and a reduction in milk yield.  Endometritis, inflammation of the 
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uterus without clinical signs of fever, can still be detected through uterine discharge and impacts 
milk production and uterine involution.  The delay in uterine involution caused by endometritis 
can reduce pregnancy rates up to 16% (Esposito et al., 2014).  Roche (2006) linked the risk 
factors of endometritis to other metabolic disorders, such as hypocalcemia, and high hepatic 
concentrations of TG and NEFA linked to fatty liver disease.  Poor prepartum nutrition, resulting 
in deficiencies of vitamin E and selenium, has also been linked to poor reproductive performance 
through hormonal regulation (McNamara et al., 2003).  However, lowering the concentrations in 
blood of glucose, insulin, and insulin-like-growth factor-I can limit estrogen production by 
dominant follicles and can affect other markers of embryo development (Butler, 2003). 
Physical Disorders 
Generally linked to metabolic disorders as the inciting incident, some early postpartum 
cow challenges result in non-blood related, physical shifts within the animal.  From a change in 
organ location, a shift in the rumen environment, or a lack of muscle function, these disorders 
can greatly impact the health of the transitioning cow. A common disorder that physically affects 
the digestive system is a twisting of a portion of the abomasum.  A DA occurs when the 
abomasum, normally located on the right side of the abdominal cavity directly below the rumen, 
moves to above the rumen on the right side or twists all the way to the left side.  Circumstances 
that can increase abomasal gas accumulation, such as lack of sufficient effective fiber in a TMR 
with too much finely chopped forage, can increase the risk of DA.  The left-side DA is most 
common and is caused by a reduction in rumen contractility or slackness, the stretching of the 
mesentery shell during pregnancy that can remain in the relaxed state postpartum, and the excess 
abdominal cavity space after calving combined with the decrease in intake causing the rumen to 
be contracted (Ingvartsen, 2006).  Metabolic factors can influence physical disorders; for 
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example, serum NEFA concentrations greater than 0.3 mM prepartum or 0.6 mM postpartum 
have been linked to increases in DA (Esposito et al., 2014).  To avoid DA, sustaining prepartum 
intake and proper inclusion of effective fiber postpartum are important considerations. 
An acidic rumen environment can become a danger to ruminants, because they rely on 
the microbiota inhabiting the rumen to break down the forages they consume.  Rumen acidosis is 
a disorder marked by acidic rumen fluid that falls below a pH of 5.5 and weak rumen motility.  
Other than dietary inducement of ruminal acidosis, cows under heat stress, are at risk of 
respiratory alkalosis and decreased HCO3- concentrations in saliva.  These conditions can 
decrease daily rumination time, which can lead to decreased ruminal motility, decreased blood 
flow to the digestive tract, and decreased digesta fractional passage rate.  Together, these factors 
can result in ruminal acidosis (Salvati et al., 2015).  Acidosis can occur acutely on a temporary 
basis, long durations over hours, or chronically over weeks or months (Ingvartsen, 2006). 
Subacute rumen acidosis can be equally problematic as it is related to laminitis, reduction 
of feed intake, loss of body condition, low milk fat syndrome, ulcerations, ruminitis, immune 
suppression, and chronic inflammation.  Early lactation cows are at higher risk because of the 
lower rumen absorptive capacity, the delay in rumen microflora adaptation, and the rapid 
introduction to energy dense lactation diets.  Metabolic results from SARA include reduced 
glucose-dependent insulin secretion and increased secretion of cortisol.  Immune system 
impairment can also occur with reduced phagocytic activity and decreased neutrophil migratory 
speeds (Mulligan and Doherty, 2008).   
In addition to the impact on the immune system and metabolites, rumen disorders also 
can affect performance and fertility.  Systemic inflammation added to metabolic acid-base 
imbalance that occurs during SARA can cause an increase in circulating reactive oxygen species 
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that are harmful to tissues of the animal.  As an example of the connection between inflammation 
and metabolic health during the transition period, SARA can have negative consequences on 
fertility and can lead to development of fatty liver disease through the impairment of hepatic 
metabolic activity (Zebeli et al., 2015). 
Directly after calving, cows are susceptible to RP and subsequent uterine infections.  
Both have been linked to a reduction in immunity, elevated NEFA concentrations, and reduced 
feed intake seen in the close-up period (Mulligan and Doherty, 2008).  The metabolic status of 
cows differ among individuals, but all metabolites can be affected through the relationship with 
the prepartum plane of nutrition and energy balance.  Related to production, metabolic disorders, 
like ketosis, and physical disorders, such as RP, can have a negative effect on milk and milk 
component yields during the postpartum period (Dann et al., 2005).  Interference with the normal 
detachment of cotyledons from the placenta caruncles can result in a RP, defined as failure to 
expel the placenta within 12 h of calving.  Neutrophil functions and related enzymes in concert 
with myometrial contractions are the primary mechanisms of expelling placentas after birth.  
Neutrophil function is involved in reducing placental attraction, while enzymes, such as 
collagenases and proteases, are involved in tissue remodeling (Roche, 2006). 
Inflammation and the Innate Immune System 
From the moment of birth, a dairy calf experiences environmental disease challenges.  
From the first meal, dairy producers try to give calves every tool needed to boost their immune 
system to combat infectious bacteria calves can encounter.  It is has been well documented that 
colostral Ig are essential as the first line of defense for the newborn calf (Butler, 1998).  There 
are three primary Ig in colostrum, IgA, IgM, and IgG, that each have unique properties.  The 
main Ig in bovine circulation is IgG.  Immunoglobulin G cannot pass through the placental wall 
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and can only be passed to the calf through the initial colostrum feeding directly after birth.  The 
IgG are large proteins that can only be absorbed through passive transfer in the intestinal walls 
when the tight junctions are still open within the first 12 to 24 h after calving.  Immunoglobulins 
G and M both work by binding antigens and activating complement proteins to kill invading 
pathogens.  Although IgG are more prevalent, IgM are up to 10 times more efficient in binding 
to pathogens than IgG.  On the other hand the primary Ig needed to assist in local immune 
defense within the gastrointestinal mucosal wall is IgA.  Immunoglobulin A works by fusing and 
agglutinating pathogens which interferes with bacterial adhesion and also exhibits anti-
inflammatory properties (Butler, 1998).  To produce high quality colostrum rich in Ig content, 
the transition cow has to have a healthy immune system even during a naturally 
immunosuppressed period.   
Inflammation 
The innate and adaptive immune system commonly respond to physiological changes and 
pathological challenges by triggering inflammation.  Inflammation can help the body adapt to the 
metabolic changes that occur during the transition period in order to restore homeostasis 
(Medzhitov, 2008).  But many studies have attempted to answer the question of why these 
processes are involved.  A generally accepted mechanism of milk synthesis relies on temporary 
insulin resistance at calving to direct nutrients toward the mammary system and away from other 
tissues (Bell, 1995).  However, the trigger for this mechanism to start working has yet to be 
verified.  Bradford et al. (2015) theorized that since there is a proven connection between 
inflammation and insulin resistance in muscle and adipose tissue, this same mechanism may be 
what initiates the nutrient prioritization to the mammary system for milk production (Bradford et 
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al., 2015).  Therefore, inflammation would be essential for lactation to begin and for the cow to 
gradually adapt to the new homeorhetic state.  
Many species experience an inflammatory phase directly after giving birth.  In dairy 
cattle, inflammation has been the center of much scrutiny as the rumen bacteria can play a role in 
whole body inflammation and are heavily influenced by the diet (Bradford et al., 2015).  
Changing the feed composition to a high-grain diet directly after calving is a common practice to 
support the energy demands of lactation.  This abrupt change in diet to a TMR containing high 
amounts of rapidly fermentable carbohydrates can result in cases of SARA (Penner et al., 2007).  
As a consequence of SARA the rumen bacteria release large quantities of lipopolysaccharides 
(LPS) (Emmanuel et al., 2008).  However, the release of LPS alone, contained within the rumen, 
would not have an overwhelming effect that triggers the inflammatory response in the cow.  
What presents the conditions for a “perfect storm” during the transition period is the disruption 
of the gut barrier function caused by short-term feed withdrawals, which results in a conditioned 
called “leaky gut” (Pearce and Pearce., 2013).  Combining LPS release from rumen bacteria with 
the compromised gut barriers, may be the primary factors inducing the inflammatory state in 
transition cows.   
While most studies in this area focus on cellular responses exclusively related to the 
immune system, nonimmune cells also are capable of signaling inflammation.  A prime example 
of this is the liver’s ability to produce HG and SAA, which are proteins involved in 
communication through blood.  In dairy cows, acute-phase proteins, including HG and SAA, are 
the reaction of the body to an infection, physical trauma, or stressors, through the signaling of 
proinflammatory cytokines.  Elevated HG directly after calving is linked to increased leukocyte 
concentration that can decrease later reproductive efficiency (Nightingale et al., 2015).  
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Production of HP and SAA is induced by proinflammatory cytokines, specifically tumor necrosis 
factor-α and interleukin-6, and glucocorticoids, such as cortisol.  Serum amyloid A is not as 
targeted toward specific pathogens as HG, but has a faster response to the cytokines and 
glucocorticoids in bovine hepatocytes (Cray, 2012).  These inflammation factors act as 
chemoattractants that influences the migration, adhesion, and infiltration of leukocytes into the 
affected tissues.  Haptoglobin and SAA also can create a negative feedback loop that reduces 
inflammation caused by cytokines (Maffei et al., 2009).  Determing the concentrations of these 
factors in the blood can be used to predict subclinical uterine infections that may be missed 
without physical signs of infection.  Especially when infected with gram-negative bacteria, LPS 
released from the bacteria triggers the initial inflammatory response, which leads to pro-
inflammatory cytokine production (Manimaran et al., 2016). 
Russell and Roussel (2007) discussed the interpretation of total plasma protein 
concentration in blood chemical profiles.  The total protein consists of an albumin fraction and 
globulin fractions, which include fibrinogen.  Albumin, which is synthesized in the liver, is the 
protein responsible for the protein-regulated osmotic pressure in blood plasma.  Globulin, 
synthesized in the liver and by lymphoid cells, primarily is made up of Ig (Russell and Roussel, 
2007).  If plasma albumin concentrations indicate hyperalbuminemia, it is a clear sign the animal 
is dehydrated.  Knowing this and the relationship of total protein with albumin and globulin, 
greater concentrations of total proteins (hyperproteinemia) without dehydration is a direct result 
of elevated globulin (hyperglobulinemia).  Age and globulin concentration are positively 
correlated, but it also can be affected by chronic inflammation and hepatic diseases caused by 
reticuloperitonitis, abscesses, or pneumonia.  On the other hand, hypoproteinemia usually results 
from hypoalbuminemia that can result from insufficient hepatic production caused by a hepatic 
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diseases or inadequate protein intake, digestion, or absorption.  Hypoglobulinemia is common in 
neonates, but is a rare occurrence in adult cattle (Russell and Roussel, 2007).   
Albumin is the largest protein fraction in colostrum and milk, but decreases directly after 
calving and the animal relies completely on synthesis in the liver to replenish.  Globulins are 
divided into three fractions: 1) the alpha fraction, consisting of the acute phase proteins SAA and 
HG, is responsive to inflammatory stressors; 2) the beta fraction, which are C-reactive proteins, 
respond to environmental stressors; and 3) the gamma fraction, composed of immunoglobulins, 
react to antigenic stimulation in lymphoid tissues (Piccione, 2011).  Monitoring each protein 
fraction can provide insight into what the transition cow’s liver and lymphoids are prioritizing 
and how they respond to outside challenges. 
Other metabolic markers specifically can indicate the health of liver tissue.  Inflammation 
at the time of calving can be caused by impairment in liver function.  A strong negative 
relationship exists between inflammation factors such as acute phase proteins, and non-acute 
phase proteins that are generally decreased in the periparturient period.  There also is an anorexic 
effect of cytokines; animals that lose more body condition have more blood ketones and more 
circulating acute phase proteins (Bertoni et al., 2008).  Other studies have related increased 
inflammation during the first week after calving with a reduction in milk yield (Huzzey et al., 
2015).  The opposing argument focuses on the cause and effect of these assumptions, with the 
connection being drawn between impaired liver function as a direct cause of limited production 
and then the increased acute phase protein synthesis as a byproduct of the challenged liver 
(Bertoni et al., 2008).   
Total bilirubin and cholesterol are used to assess hepatic function and integrity.  Bilirubin 
is the product of hemoglobin breakdown and can be found in conjugated (direct) and 
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unconjugated (indirect) states.  Unconjugated bilirubin is bound to albumin for transport to the 
liver where it is conjugated to be excreted into bile.  Increases in unconjugated bilirubin, as a 
result of rapid breakdown, indicate acute hemolysis.  Increases in conjugated bilirubin indicate 
an intrahepatic or extrahepatic biliary obstruction (Russell and Roussel, 2007).  In addition, 
many enzymes can leak into blood circulation if there is any insult to the liver, such as infection, 
inflammation, toxicity, or metabolites in excess of the liver’s ability to process.  Examples of 
commonly measured enzymes, found in high concentrations within the hepatocyte cytosol, are 
aspartate aminotransferase, glutamic oxaloacetic transaminase, succinate dehydrogenase, 
ornithine transcarbamylase, glutamate dehydrogenase, and lactate dehydrogenase (Russell and 
Roussel, 2007).   
Innate Immune System 
The immune system, responsible for detecting and eliminating infectious bacteria and 
foreign pathogens, is based on circulating leucocytes.  Leucocytes can be divided into five main 
categories: neutrophils, monocytes, lymphocytes, eosinophils, and basophils.  Neutrophils and 
monocytes are part of the innate immune system and have the ability to migrate and engulf 
foreign bodies through phagocytosis.  Lymphocytes are more commonly associated with the 
adaptive immune system in producing antigens and antibodies (Manimaran et al., 2016).  
Neutrophils are short lived, only surviving 1 to 3 days, and destroy pathogens through enzymatic 
killing or oxygen-dependent free radical-mediated killing, also known as a respiratory burst.  
Monocytes have high affinity receptors for LPS that are located on the outer layer of bacteria and 
are thought to work in tandem with neutrophils because they share the phagocytosis mechanism.  
Although present in small numbers in circulation, monocytes have a longer period of activity 
before degradation and assist in identifying pathogens to lymphocytes.  Neutrophil kinetics of 
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movement is dependent on chemoattractants produced by inflammation, bacterial stimulation, 
energy state, and hormonal influence, and neutrophils make up 60 to 70% of the circulating 
leucocytes (Manimaran et al., 2016).  For these reasons, neutrophils and monocytes are 
commonly used to quantify the responsiveness of the innate immune system during the transition 
period of dairy cows. 
Another point that is often forgotten is the energy demands of the immune system.  
Neutrophils and monocytes use circulating glucose to provide the energy for their activities.  
This use can deprive other tissues of the energy they need, requiring greater mobilization of 
energy substrates from adipose and liver, and consequently reducing milk production.  One study 
reported that if plasma concentrations of HG were greater than 1.1 g/L than expected milk yield 
losses could equal 947 kg (mature equivalent) over the 305 day lactation period (Huzzey et al., 
2012).  This change in nutrient allocation supports the idea that the dam will prioritize her own 
survival by sacrificing a portion of what she is offering to her offspring.  Ballou et al. (2012) 
proposed this idea after an investigation of artificial inflammatory signaling were milk 
production in decreased when more energy is needed for immune function.  They also speculated 
that this response may be minimized in a controlled research setting with a more constant 
nutrient supply and that on a commercial operation the results could be more pronounced (Ballou 
et al., 2012). 
Oxidative Stress and Antioxidant Status 
Mastitis is a common inflammatory condition that occurs during the transition period.  
The innate immune system calls for the migration of leukocytes, primarily neutrophils, to the 
mammary gland.  Through the normal course of phagocytosis, invading pathogens are targeted 
and then destroyed by oxidative burst, as the neutrophils release the reactive oxygen species, 
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reactive nitrogen, and proteases, stored in their granules.  In the sensitive mammary system, this 
release of toxins can destroy the blood-milk barrier and cause extended damage to the epithelial 
tissues (Schukken et al., 2011).  Neutrophils and monocytes play a key role in fighting infectious 
bacteria and removing dead cellular fragments to promote tissue recovery but, without 
safeguards in place, the immune systems response can be as damaging as the initial pathogens 
(Schukken et al., 2011). 
Immune cell membranes contain high concentrations of polyunsaturated fatty acids that 
are sensitive to oxidative stress.  Lipid peroxidation can damage the FA in the cell membranes 
that produce reactive oxygen metabolites in large quantities, which can then cause damage to 
other cells in a chain reaction (Spears and Weiss, 2008).  Conversely, when intracellular lipids 
come in contact with reactive oxygen species released by immune cells, such as neutrophils, it 
can create lipid peroxides (Bradford et al., 2015).  A state of oxidative stress is the result of an 
imbalance between the production of the reactive oxygen metabolites and the presence of 
neutralizing antioxidant mechanisms in tissues and blood.  Antioxidants include glutathione, 
superoxide dismutase, vitamins A and E, and beta-carotene.  Certain trace minerals also can 
assist in antioxidant capacity, including copper, selenium, zinc and chromium (Osorio et al., 
2014).  Mayasari et al. (2017) measured oxidative stress in transition cows deprived of a dry-off 
period compared with cows dried off according to normal herd practices, either 30 or 60 days 
prior to calving.  They reported increased measures of oxidative stress and increased 
ceruloplasmin, an acute phase protein, which increases during disease and is involved in 
scavenging superoxide radicals.  The lower liver functionality index observed was associated 
with reduced milk yields in cows with no dry off period (Mayasari et al., 2017).   
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The antioxidants and trace elements in the immune system of transition dairy cows are 
widely varied in their mechanisms.  Vitamin E and beta-carotene target cellular antioxidants.  
Vitamin E or alpha-tocopherol, sourced from fresh green forages, is lipid soluble and protects 
against radical-initiated lipid peroxidation in membranes.  The precursor of vitamin A, beta-
carotene, enhances lymphocyte proliferation that can greatly boost the innate immune system by 
affecting neutrophil functions.  As mentioned, the greater activity of the immune system quates 
to a greater need for metabolites to fuel those activities, so that antioxidants may play a dual 
purpose of minimizing oxidative stress and improving overall metabolic health (Bertoni et al., 
2015).  Selenium is directly involved in glutathione peroxidase, which is an enzyme that destroys 
lipid peroxides.  Copper, in concert with zinc as the copper-zinc superoxide dismutase in cytosol, 
is mainly responsible for breaking down superoxide radicals into hydrogen peroxides.  Copper 
also can function via ceruplasmin to scavenge superoxide radicals.  Zinc, in addition to its 
inclusion in the copper-zinc superoxide dismutase, stimulates the synthesis of metallothionein, 
which is a metal-binding protein that recovers hydroxide radicals (Spears and Weiss, 2008).   
Dietary supplementation has been used to attempt to manipulate these reactions.  Osorio 
et al. (2014) explored an alternative way to improve the immunometabolic status in peripartal 
cows by supplementing rumen-protected methionine.  Supplementation resulted in greater 
oxygen radical absorbance capacity, liver concentrations of glutathione, and carnitine in plasma.  
This study indicated that dietary supplementation of limiting amino acids also can affect the 
antioxidant capability of the animal (Osorio et al., 2014).  The possibilities to influence the 
immune capabilities of the cow through dietary supplementation and improve cow health during 
the transition period is a high priority in the dairy industry. 
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APPLIED FEEDING CONSIDERATIONS  
Creating the “perfect” dairy cow diet has been the focus of numerous research studies in 
the past; unfortunately the usual answer to what the “perfect” diet may be is: it depends.  The 
ration a producer offers their animals is normally dedicated to providing what the group of cows 
requires based on their physiological state.  Whether it be lactating, gestating, calving, high 
production, or a separate ration for first calf heifers that have yet to reach maturity, the industry 
has learned to treat these animals differently based on their needs.  However, even if someone 
formulated the “perfect” diet, that is only half the battle.  As the old saying goes, every diet has 
three versions: 1) the balanced diet that the nutritionist formulates; 2) the diet that the feeder 
mixes, which includes human error; and 3) the diet the cow consumes, which includes cow 
sorting.  Great advancements in technology have aided diet formulation.  Mechanical mixers 
have assisted through standardized mixing to reduce cow sorting.  However, while mechanical 
mixing is used commonly in dairy operations, human error still exists.   
As a result mixing evaluations have become an essential tool to identify and correct 
protocols to improve inconsistencies.  Rocha et al. (2015) used powdered and liquid amino acids 
as internal indicators to test mixing efficiency.  The goal of feed mixing is that every feed sample 
includes the same composition of ingredients and nutrients.  Failing to mix the TMR properly 
can result in nutrient deficiencies leading to reduced growth, production, and health.  These 
researchers reported that adjustments to mixing strategies have to be made based on the inclusion 
of wet or dry feeds, the number of ingredients, and the particle size (Rocha et al., 2015).  The 
effect of mixing order based on particle size can greatly affect mixing success, with adding the 
larger particle feeds after the smaller particles creating a more uniform mixture (Xiao et al., 
2015).   
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Other considerations of uniform feed consumption are the cows feeding behavior and the 
frequency of dietary adjustments made to maintain consistency.  King et al. (2016) focused on 
the effect of timing of feed delivery on animal behavior and how it relates to productivity.  
Common feeding practice is to offer fresh feed after milking to encourage cows to not lie down 
immediately, so that the teats sphincters can close and protect the mammary gland from foreign 
pathogens.  However, this practice also may encourage “slug feeding”.  Moving the timing of 
feed delivery to midway between milkings two times daily can result in cows consuming feed in 
smaller, more frequent meals.  Ultimately, this should lead to improved efficiency through 
improved stability of the rumen environment without affecting diurnal patterns of behavior (King 
et al., 2016).   
In a feeding strategy that targets more stable eating behavior, consistent mixing becomes 
even more of a necessity.  Dairy producers also require their feed to remain uniform throughout 
the year to maintain expected milk yields and milk components.  A survey of Pennsylvania dairy 
farm feed management indicated that the majority of farms tested and adjusted dietary DM 
frequently, based on industry recommendation.  Over half of the farms also offered rations of 
60:40 forage to concentrate ratio and commonly used by-products, distiller’s grain, brewer’s 
grain, yeast, and animal protein.  But while they adjusted for their TMR DM, they did not test 
their by-products after initial delivery to be able to adjust individual ingredient inclusion rates in 
the ration (Buza and Holden, 2016).  These producers understood the importance of monitoring 
the variation in their feedstuffs, but they did not address the variation by day that can be caused 
by human error. 
Using a TMR feed strategy is the most common method on US dairies and there are 
many tests available to evaluate the day-to-day success.  The Heinrichs lab at Penn State 
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University developed the Penn State particle separation box that is easily accessible to producers 
to verify consistent mixing and forage chop size.  From that lab, Lammers et al. (1996) 
summarized the normal particle size distribution of producers operating in the northeast region of 
the US (Lammers et al., 1996).  From this and other evaluations specific concerns have arisen 
that can directly affect the reliability and consistency of the offered TMR.  The condition of the 
mixer, including type, size, and age, the amount of feed mixed at one time, the loading order, the 
type of feed loaded, and the particle size of the forages, all can affect successful mixing (Jordan, 
2001).  These listed reasons combined with variations in weather and human error, support the 
need for continuous monitoring and adjusting of mixing strategies as an import aspect of dairy 
feed management.  
DISSERTATION OBJECTIVES 
 The transition cow faces many challenges, both metabolically and immunologically.  
Feed formulation and additive supplementation are the most consistent and least invasive way to 
support development, health, and productivity.  Specifically during the transition period, 
prepartum TMR formulation using a negative DCAD have proven reliable in reducing risk of 
common early postpartum metabolic disorders associated with hypocalcemia.  Feed additives, 
such as yeast-derived products, have been shown to increase postpartum DMI and reduce 
disorders related to a prolonged negative energy balance.  And finally, consistent mixing and 
delivery of uniformed transition cow rations are essential to optimize the effectiveness of the 
TMR formulation.  Therefore, our objectives were to evaluate: 1) the use of different SCFP feed 
additives on transition cow productivity and health; 2) an acidified prepartum ration with 
supplemental Ca on the productivity and health of the transition cow; 3) how either SCFP 
supplementation or acidified prepartum rations may affect immunological functions during the 
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early postpartum period; and 4) the different environmental and human factors that contribute to 
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Chapter 3: Transition Cow Nutrition: Effects of Yeast Supplementation on Blood 
Metabolites, Production and Composition, and Health 
INTRODUCTION 
The transition period, three to four weeks before and after calving, remains an ongoing 
problem in the dairy industry as cows go through the stresses of parturition and the metabolic 
pressures of beginning lactation (Gummer et al., 1995).  Within the dairy industry there has been 
extensive focus on reducing the environmental and physical stressors that impact cows during 
gestation and through parturition (Schingoethe et al., 2004; Shwartz et al., 2009).  Because cows 
have been genetically selected to produce large volumes of milk soon after calving, the 
immediate metabolic adaptations are key to support the needs of lactation.  The main 
noninvasive avenue producers have to relieve some of the pressure transition cows experience is 
by the manipulation of diet formulation and the use of feed additives (Horst et al., 2005).   
Common metabolic disorders that occur during the early postpartum period can greatly 
impact the success of the lactation by reducing peak lactation potential and delaying the initial 
momentum of parturition for milk production (Lean et al., 2013).  To prevent long-term financial 
loss and improve overall cow welfare, low-cost nutritional additives offered to close-up 
prepartum cows, such as rumen pH stabilizers, have been used to support the adaptation of 
rumen bacteria populations to high concentrate lactation diets (Thrune et al., 2009).  A specific 
option that has been widely researched is yeast products focused on rumen modification 
(Desnoyers et al., 2009; Mullens et al., 2013; Poppy et al., 2012; Sales, 2011).   
The generally accepted mechanism by which yeast products may benefit ruminants is a 
combination of increased fiber degradation within and increased flow of microbial protein from 
the rumen (Beauchemin et al., 2006).  By decreasing lactic acid producing bacteria, thereby 
93 
 
stabilizing the rumen environment through control of rumen pH, the risk for subacute and acute 
ruminal acidosis is minimized.  This, in turn, increases number of fiber digesting bacteria and 
creates a more efficient utilization of forage, allowing early postpartum cows to recover more 
quickly from a state of negative energy balance (Newbold and Rode, 2006).   
The greatest responses to yeast products has been reported in early lactation when cows 
abruptly change from a high forage dry cow diet to a higher concentrate lactation diet, to support 
the energy needs of milk production (Chaucheyras-Durand et al., 2008).   
A subcategory of yeast products, Saccharomyces cerevisiae fermentation products 
(SCFP), has provided additional benefits through the inclusion of the growth medium in which 
the yeast culture is grown.  The fermentation products have the potential to offer specific 
immune boosting resources during a time of natural immune suppression (Zaworski et al., 2014). 
The objective of this study was to evaluate the production and metabolic responses of 
cows to commercially available product and two concentrations of a prototype produce purported 
to possess immune-stimulatory qualities. 
MATERIALS AND METHODS 
Cow Enrollment and Exclusion 
One hundred multiparous Holstein cows were selected from the University of Illinois 
Lincoln Avenue Dairy facility in Urbana-Champaign, Illinois, USA.  All procedures involving 
animals were conducted in accordance with the University of Illinois Institutional Animal Care 
and Use Committee (IACUC protocol 14255). 
Cows were enrolled during the close-up dry period, 26 days before their expected calving 
date, and remained on trial until mid-lactation, 73 days post-partum.  Cows were not enrolled if 
they were first calf heifers or were diagnosed with twins.  These exclusions were based on the 
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difference in nutritional requirements needed for still growing heifers and cows carrying multiple 
calves.  Cows were dropped from the trial in the pre-partum period if they calved less than 14 
days after beginning treatment or if they produced undiagnosed twins.  Cows were dropped in 
the post-partum period if they refused to consume the top-dressed treatment for three consecutive 
days or had a non-nutritionally related health problem.   
After the conclusion of the trial, health records for each cow were evaluated along with 
dry matter intake (DMI) and milk production to determine if a persistent health challenge in the 
early postpartum period prevented the cow from recovering after being treated.  A persistent 
challenge was defined as an ongoing visible metabolic or physical illness, requiring treatment 
that lasted greater than one week, or if three separate challenges occurred during the first three 
weeks post-partum.  This evaluation removed outliers that could skew production results.  
Evaluations were made without regard to experimental treatments in an attempt to be unbiased.  
All exclusions are described in Table 3-1. 
Treatments   
Four treatments were provided as a top-dress in a mixture (50 g/d) with ground corn and 
was given to each cow once daily in the morning.  A negative control (CON) consisted of only 
50 g/d of ground corn.  A commercially available SCFP product (Diamond V, Cedar Rapids, IA) 
was provided at 14 g/d, mixed with ground corn to equal 50 g/d, (XPC).  Two doses of the 
prototype product (now marketed as NutriTek®, Diamond V) were provided.  The lower 
inclusion rate, 19 g/d (NTL), and the higher inclusion rate, 38 g/d (NTH), remained unknown to 
the research personnel during the trial for this blinded study. 
Cows were blocked for treatment assignment based on partition, with cows entering into 
their second gestation in one group and cows entering into their third or greater lactation in 
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another group.  Cows were then blocked based on expected calving date, with all four treatments 
represented in each group of four cows within the previously described groups.  The treatments 
were further balanced based on previous milk production and pre-partum Body condition score 
(BCS).  Previous 305-d milk production was obtained through PC Dart ® and classified as high 
if above 10,455 kg.  Body condition score was assigned at the beginning of the close-up period 
and was classified as high if above 3.5 on a 5 point scoring scale (Edmondson et al., 1989).  
Treatments were balanced to be equally represented in high and low milk producers, as well as, 
high and low BCS cows.  Block and balancing criteria are broken down by treatment in Table 3-
2 for all eligible cows and Table 3-3 for cows that were not excluded. 
Cow Housing and Management 
At least five days prior to enrollment, cows were moved from dry lots to a sand bedded 
free stalls (10/pen) within an enclosed pole barn facility separated into four pens.  Large bay 
doors were open on the east and west ends with optional doors opening to the north for warm 
weather air movement.  Two fans were positioned over the stalls in each pen and an automated 
ventilation system opened on the south wall.  Automated waterers were located on the north side 
in each pen.  Sharing the waterers within each pen were two isolation pens bedded with straw 
that served as maternity pens.  Cows were moved into the maternity pens once visual signs of 
calving began.  On the south side of each pen, ten automated feed gates (American Calan, 
Northwood, NH) were used to measure individual intakes of the cows.  The individual gates 
were controlled by corresponding key balls hung on each cow’s neck for access to individual 
feeding bunks.  
Once cows calved, they were moved to an enclosed brick tie-stall barn equipped with 
sand-covered rubber mats.  The facility could house a maximum of 40 cows.  The barn had doors 
96 
 
that opened to the north and south with windows placed every five stalls that were opened during 
warm weather for air circulation.  Fans were also installed every five stalls directed at the front 
of the stalls.  Automatic pressure regulated water bowls were placed between every two stalls to 
and concrete feed bunks were divided by sealed plywood boards to allow for measurement of 
individual feed intake.  Yoke bars at the head of each stall prevented cows from walking through 
the bunks to the feed alley. 
Cows were milked three times daily at 0600 h, 1400 h, and 2100 h.  The double 12 
parallel, rapid release parlor was enclosed, as was the concrete floored holding area equipped 
with an electronic push up gate.    
Feeding Protocol  
Table 3-4 illustrates feed formation for the far-off, close-up, and lactation diets fed as 
total mixed rations (TMR).  Both close-up and lactation diet formulation 1 was used from the 
beginning of the research trial in October, 2014 to January, 2015.  Both were reformulated in 
January, 2015, and diet formulation 2 was used from February, 2015 to the end of the trial in 
February, 2016.  Cows were fed once daily.  Lactation feed was mixed at 0500 h with a Keenan® 
MechFiber paddle mixer (Richard Keenan, Borris, Ireland) driven by a John Deere® tractor 
(Moline, IL).  The close-up TMR was mixed at 1700 h with the same equipment.  Both diets 
included a base of corn silage, alfalfa silage, and straw. Each diet had a separate grain mixture 
and the lactation diet also included cottonseed as an additional ingredient added on-farm.  Water 
was supplemented to the diets to maintain the dry matter at less than 45% for the lactation diet 
and less than 50% for the dry cow diet.  
Both diets were mixed at 1200 rpm for 1 min after the corn silage and straw was added 
and then again at 2000 rpm for 2 min after the alfalfa silage and grain were added.  After mixing, 
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the lactation diet was transported by conveyor into a Jaylor® mixer (Ontario, Canada) feeder for 
distribution of the TMR inside the barn.  The close up diet was transported by conveyor into a 
Data-Ranger mixer feeder (Northwood, NH) for distribution. 
As cows were enrolled, feed allocations started at 34 kg/d of the close-up diet and were 
adjusted daily based on measured orts.  Once a cow calved, feed was started at 45.5 kg of the 
lactation diet and were adjusted daily based on measured orts.  For the first seven days of the 
lactation period, cows were also given 2.3 kg of long alfalfa hay.  Cows were fed based on the 
target of between 10 to 20% orts.  For close-up cows, changes in feed were determined as 
follows: less than 2.3 kg orts, increase feed by 2.3 kg; between 2.3 and 4.5 kg orts, feed the same 
as the day before; between 4.5 and 6.8 kg orts, decreases feed by 2.3 kg; greater than 6.8 kg, 
decrease feed by 4.5 kg.  For cows during lactation, changes in feed were determined as follows: 
less than 4.5 kg orts, increase feed by 9.1 kg; between 4.5 and 9.1 kg orts, increase feed by 4.5 
kg; between 9.1 and 13.6 kg, feed the same as the day before; between 13.6 and 18.2 kg, 
decrease feed by 4.5 kg; greater than 18.2 kg, decrease feed by 9.1 kg. 
Chemical analysis of both the TMR and refusals are shown in Table 3-5 for the close-up 
diets and Table 3-6 for the lactation diets.  The physical characteristics of the feed were 
determined weekly with a 4-layer Penn State Particle Separator with a calculated average particle 
size presented in Table 3-7. 
Sample Collection  
Daily samples 
Milk weights were recorded at each milking using Dairy Plan® software (GEA, Hamliton, 
New Zealand) and uploaded to PC Dart® (Raleigh, NC).  From PC Dart®, the data were sorted by 
day and visually checked for abnormalities as a diagnosis tool for both the equipment and cows.  
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Intake was determined daily as the difference between the weight of feed given and the 
weight of the orts collected the next day for each cow during both gestation and lactation.   
Weekly samples  
Samples of the TMR, refusals, and each ingredient were obtained weekly.  All samples 
were dried in a forced air oven at 110ºC for 24 h to determine dry matter percentages.  Ingredient 
DM were used to update the Keenan mixer® (Richard Keenan, Borris, Ireland) weekly and TMR 
DM were used to calculate the DMI from the intake values calculated daily.  Additional samples 
were taken weekly and composited by month for further analysis.  Separate TMR and refusal 
samples obtained weekly for both diets were used to measure particle size in a four level Penn 
State box. 
All cows were weighed weekly on a standing scale attached to each barn.  At this time, 
cows were photographed and BCS was assigned by two independent observers, whose scores 
were averaged. 
Milk samples were collected once weekly from three consecutive milkings.  Samples 
were composited according to greater milk production at each milking based on the milk weights 
recorded by Dairy Plan®.  Preservative tablets were added (800 Broad Spectrum Microtabs II, 
D&F control systems, Inc., San Ramon, CA) to each sample for shipping to Dairy Lab Services, 
Inc. (Dubuque, IA).  Samples were analyzed for fat percentage, somatic cell count, lactose 
percentage, other solids, total solids, and milk urea nitrogen.  An additional, non-composited 
sample was frozen from the sampled milkings.  
Cow specific samples  
Blood samples were taken from the coccygeal vein at approximately 0700 to 0800 h, 
within 1 h of being encouraged to eat.  Lactating cows were stimulated by being fed fresh feed 
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after the morning milking and blood samples were obtained within 1 h of returning to the barn 
and consuming feed.  Gestating cows were stimulated to eat by turning over feed in the morning 
and walking through the barn to manually push cows toward the feed.  Blood was sampled 
within 1 h of this encouragement. 
Four 10 mL blood tubes, two red topped vacutainers containing a clot activator for serum 
collection and two purple-topped vacutainers containing EDTA for plasma collection, were 
obtained at days -26, -17, -14, and -10 daily through calving to get an accurate sample at -7, -4, 
and -1 relative to actual calving.  Directly after calving, within 1 h, a day 0 blood sample was 
taken.  During the lactation period, samples were taken at days 1, 3, 5, 7, 10, 14, 17, and 21.  
Two 10-mL blood tubes, one red-top vacutainer for serum and one purple-top vacutainer for 
plasma, were obtained at days 2 and 28.  Serum and plasma were separated using a centrifuge at 
~400 xg for 15 min.  One additional 10-mL green-topped vacutainer with lithium heparin for 
whole blood was obtained at days -17, -10 and daily through calving to get an accurate -7d 
sample, and then days 5, 14, and 28 samples.  A 10 mL PAXgene blood RNA tube was collected 
at days -26, 2, 21, and 50 for later RNA extraction. 
Samples from days -26, -17, -14, -10, -7, -4, -1, 0, 1, 3, 5, 7, 10, 14, 17, and 21, were 
analyzed for creatinine, urea nitrogen,  total protein, albumin, globulin, Ca, P, Na, K, Cl, glucose, 
alkaline phosphate, total bilirubin, CPK, cholesterol, GLDH, bicarbonate, Mg, triglycerides, and 
anion gap at the University of Illinois Veterinary Diagnostic Lab Services (Urbana, IL).  Samples 
from days -7, -4, -1, 0, 1, 2, 3, 5, and 7 were also analyzed for cortisol.  Samples from -7, 5, and 
14, were analyzed for glutathione peroxidase using an assay kit (Glutathione Peroxidase Assay 
kit, Northwest) and a plate reader. 
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Individual fecal and feed samples were taken twice daily for three days during the 
estimated days -5, -4, and -3 of the pre-partum period and then days 14, 15, and 16 of the post-
partum period.  Fecal and feed samples then were composited for the pre and post-partum 
periods to be used for total tract digestibility determination.  If a pre-partum sample was not 
taken because the cow calved early, a post-partum sample was not taken. 
At calving, colostrum was collected, sampled, and measured on site for IgG content using 
a colostrometer before being fed to the cow’s calf.  The cow and calf were weighed on the day of 
calving.  Colostrum samples, defined as the cow’s first milk, were collected and frozen at -20°C.  
Immunoglobulin G levels were determined by Prairie Diagnostic (Saskatoon, Canada).  
Milk samples were sent to Dairy Lab Services (Dubuque, IA) for composition analysis, 
including fat, protein, lactose, other solids, total solids, urea nitrogen, and somatic cell count.  
Fat-corrected milk (3.5%) yield was calculated as follows: 3.5% FCM = [(0.515*milk weight 
kg/d) + (13.86*fat weight kg/d)] (Bethard, 2012).  Energy-corrected milk (3.5%) yield was 
calculated as follows: 3.5% ECM = [(0.327*milk weight kg/d) + (12.95*fat weight kg/d) + 
(7.65*protein weight kg/d)] (Orth, 1992).   
Statistical Analysis 
Production, urine, and blood metabolite and mineral variables, were statistically analyzed 
in a mixed model using SAS 9.4.  Residuals of each variable by treatment were calculated by 
linear regression in Proc Reg.  The residuals were then tested for homoscedasticity and normality 
using Proc Univariate and the variable was log transformed, as needed, for the residuals to meet 
these conditions.  A Proc Mixed model was created separately for production, urine, and blood 
metabolite and mineral data sets, for the purpose of including significant covariates.   
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Y = β0 + β1Treatment + β2SampleDate + β3Teatment*SampleDate + β4Diet + β5Treatment*Diet 
+ Σ12345 
The model subject was cow, week or sample day were used as repeated measures, 
treatment was included as a fixed effect, and block was designated as a random effect.  
Covariates of parity groups, previous milk production (ranking within herd), and initial BCS 
(over or under a score of 3.5), were added and removed from each model based on significance 
(P < 0.10).  The initial pretreatment sample was used as a covariate were applicable.  In the 
blood data sets, day 0 was analyzed separately and the repeated statement was removed from the 
model.  Cortisol data are presented as frequency data as a mixed model was inappropriate for 
analysis because numerous samples were below the level of detection. 
Production data are reported as weekly averages to reduce daily discrepancies due to 
environmental impacts.  Cows were split between the first and second diet formulations for 
analysis.  A total of 24 cows completed the early postpartum period on diet 1 and 76 cows on 
diet 2, resulting in 100 cows that were used in the prepartum and early postpartum period 
(calving through day 28) final analysis.  Six cows were removed from the trial during the high 
period, and so only the 94 cows that completed the entire trial period, through 73 DIM, were 
used when analyzing the high period (day 29 through 73). 
A median function was added to the final set of BCS and BW to reduce errors from the 
physical scales and weekly subjective bias of body condition scoring.  Health incidences were 
analyzed using Proc Freq by treatment, as well as, an odds ratio comparison to determine the 
95% confidence interval and P-value by the preplanned contrast statement comparisons.   
Preplanned orthogonal contrast statements were used to compared were: 1) 
unsupplemented (CON) to supplemented cows (XPC, NTL, and NTH); 2) the commercial 
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XPCTM SCFP supplementation to the two levels of NutriTek® treatments (NTL and NTH); and 
3) the two different inclusion rates of the NutriTek® product (NTL and NTH).  Significance was 
declared at P ≤ 0.05 and trends were discussed at 0.05 < P ≤ 0.10.   
Preplanned contrast statements also were used as determined by the sponsors to answer 
specific questions in regards to the supplements being tested.  These contrasts compared the corn 
control with the Diamond V commercially available XPC™ production (CON vs XPC), the 
commercially available XPC™ to a low inclusion rate of commercially available Nutritek® (XPC 
vs NTH).  These additional analysis are presented in the Appendix Tables.   
Tables also are included in the Appendix for all cows that calved into the trial 
successfully, completing their prepartum period on the study, but were dropped for the health 
reasons shown in Table 3-1 (n = 131).  Because many of the excluded cows represented an 
outlier in the data, no outliers were removed from the analysis for these data sets. 
RESULTS AND DISCUSSION 
Physical data from the prepartum period through calving are shown in Table 3-8.  Intake 
was not different among treatments during the dry period.  The only difference among the 
treatments at this time was that cows fed NTL were significantly heavier prepartum (P < 0.05) 
when compared to cows receiving NTH.  Combined with no significant difference in calf BWs, 
the greater BW in NTL cows also was present at calving (P < 0.02) when compared to cows 
given NTH.  When originally assigning treatments, BCS, and not BW, was used to balance 
treatments.  This variation may be attributed to random selection during initial blocking.   
Mean BW for cows supplemented with NTH was reduced from 753 to 735 kg in the final 
data set, which may indicate a greater removal of heavier cows in this group.  This observation 
may be connected to the health challenges leading to their exclusion, as seen in other studies 
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where overconditioned cows were at a greater risk of postpartum cow metabolic disorders 
(Edmondson et al., 1989).  Our study offered a controlled energy, high straw diet during the dry 
period that has been shown to encourage postpartum intake and reduce the time of feeding 
suppression seen in periparturient cows fed a higher energy close-up diet (Dann et al., 2005; 
Janovick and Drackley, 2010).  However, a later study performed by Roche et al. (2015), linked 
a restricted energy diet fed to overconditioned cows to a more drastic loss of body condition after 
calving and an increased risk of fatty liver (Roche et al., 2015).  This may explain why a greater 
number of overconditioned cows were removed from the trial based on adverse health events.  
The other three groups held similar prepartum BW on average before and after exclusions were 
made.  All cows, on average, produced colostrum with similar IgG concentrations amongst 
treatments and were above the 50 mg/mL threshold considered acceptable (Godden, 2008). 
Postpartum Production Analysis 
In Table 3-9, the early postpartum period production, DMI, and BW measurements are 
presented.  Cows offered XPC and NTH tended to produce greater milk fat yield at 1.73 and 1.87 
kg/d, respectively (P = 0.07).  When comparing the low and high levels of NutriTek® 
supplementation, cows given NTH produced milk with greater total solids content than cows 
given NTL, 13.22% to 12.54%, respectively (P = 0.02).  However, there was no significant 
difference of milk fat percentage between treatments.  There was a tendency for greater milk fat 
production in cows given NTH when compared only to cows given NTL (1.87 and 1.64 kg/d; P 
= 0.07).  Neither were there significant differences among treatments for any of the other 
production parameters during the initial postpartum period.  A wide variation in milk production 
during the postpartum period (SE = 2.4 kg/d) occurred as expected and contributed to the 
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inability to find significance between the treatment groups.  Intake was also similar among 
treatments (P > 0.50).   
In a meta-analysis, Desnoyers et al. (2009) reported an average increase in DMI (+0.44 
g/kg of BW), milk yield (+1.2 g/kg of BW), and milk fat production (+0.05%).  These benefits 
were attributed to increases in rumen volatile fatty acid production caused by positive effects of 
the yeast supplementation (Desnoyers et al., 2009).  While DMI was not affected by treatments, 
the tendency toward greater milk fat production could indicate changes in the acetate to 
propionate ratio that was not analyzed in this study.  Another meta-analysis of yeast 
supplementation reported over 50% of the variability seen between studies was attributable to 
DMI, ruminal parameters, and fiber digestion (Sales, 2011).  Numerous studies have also 
cautioned against assumptions that any combination of yeast strain and feed ingredient will 
produce positive results (Cooke et al., 2007; Hristov et al., 2010; Mullins et al., 2013; Roa V et 
al., 1997).  The lack of difference seen between the corn control and the tested SCFP 
supplementation, may indicate a lack of effect on the rumen microbial populations.  
Another way to look at the success of a lactation period is to analyze the initial 
acceleration of the milking curve and the time spent at peak production.  Together, these factors 
ultimately determines the animal’s productive success (Wood, 1969).  Table 3-11 looks past the 
early postpartum period, exclusively at days 29 to73 postpartum, encompassing the high period 
of production.  Cows supplemented with NTL produced significantly lower fat percentages and 
yield (3.29 % and 1.58 kg/d), contributing to a lower calculated FCM (46.5 kg/d, P < 0.05).  On 
the other hand, cows given XPC produced greater milk protein (2.94 % and 1.54 kg/d) when 
compared to cows given CON (2.75% and 1.38 kg/d) or NTL (2.73% and 1.33 kg/d) during the 
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high period (P < 0.05).  This may indicate a long-term benefit in milk protein production for 
cows that were given XPC over CON, but this was not observed for NTL or NTH.   
The variations between the two products demonstrate the differences in the success of 
supplemented SCFP and its effect on production parameters.  While some studies have reported 
increases in milk yield (Piva et al., 1993 and Zaworski et al., 2014), others reported 
improvements in feed efficiency with no increases in milk yield or milk component production 
(Cooke et al., 2007; Schingoethe et al., 2004).  Still more reported no consistent increases or 
improvement in milk yield, milk components, or rumen bacterial volatile fatty acid production 
(Erasmus et al., 2005; Wiliams et al., 1991; Dann et al., 2000; Garcia et al., 2000).  The inherit 
variability of SCFP additives supports the need for further research in this area to identify why 
responses vary between similar products.  Combining the entire study period, from calving 
through 73 DIM, Table 3-11 summarizes the production data.  We can again see the suppression 
of fat production in the milk for the cows given NTL, when compared to cows on CON (P < 
0.03), XPC (P < 0.07), and NTH (P < 0.01).   
Figure 3-1 shows the overall shape of the lactation curve for the four treatments over the 
10 wk trial period.  As shown all groups overlapped with no one treatment consistently greater 
than any other.  The wide spacing of the error bars illustrates the large standard errors that do not 
allow for any clear separation of the treatment milk yields.  A recent study using XPC at a 
greater daily concentration reported significantly greater milk yield with a difference of 5.2 kg/d 
with similar treatment variation (Zaworski et al., 2014), but this increased yield change was not 
apparent in our study.  It would also appear that supplementing NTL suppressed milk fat 
production overall.  While this was an undesirable effect of feeding this additive, the mechanism 
of lowering the concentration in NTL compared to NTH was not clear.  In the reviewed 
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literature, the reported failure of a yeast supplement was a result of no effect only.  A 
combination of no difference in energy intake, but a decrease in energy output through milk fat 
production, has led to a theory that the rumen bacteria populations supposedly affected by SCFP 
did not increase digestibility as assumed.  Or, rather, if similar amounts of digestibility and 
absorption occurred, the energy generated from that exchange was used in a different, as now 
unknown, biological pathway that was prioritized above milk fat production in these cows. 
Figure 3-2 depicts postpartum weekly BW to illustrate the BW loss after calving of all 
cows.  The graph begins in the dry period at -3 wk before calving, even though the trial was set 
for enrollment at -4 wk, to adjust for the cows that calved early.  Figure 3-2 then shows the 
expected decrease in BW directly after calving that comes from mobilizing fat stores and levels 
off approximately 3 to 4 wks into lactation (Drackley, 1999).  When looking at the differences 
among treatments, cows supplemented with NTL did not exhibit as drastic of a decrease post-
calving compared to the other treatment groups.  This is in direct opposition to the earlier study 
that attributed the increase in health problems of overconditioned periparturient cows to their 
greater BW loss after calving (Roche et al., 2015).  Even after the end of the transition period, 
the cows given NTL remained heavier, supporting the theory of a shift in energy prioritization 
seen only in this group of cows.  With less energy focused on producing milk components as 
seen when comparing cows given NTL to cows given CON and the retention of greater 
prepartum BW, this concept may have merit.  Why the change in energy partitioning occurred is 
an idea to explore in future studies, because this study was unable to provide a definitive answer. 
Prepartum Blood Analysis 
Table 3-12 presents the chemical profile analyzed in serum during the prepartum period 
at -17, -14, -7, -4, and -1 days relative to the expected calving date.  An initial blood sample was 
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taken on day -26, before treatment began, and was used as a covariate in the model.  These 
metabolic factors are all linked to inflammation and hepatic health but were not outside the 
normal health range to indicate any clinical or subclinical problems within these cows (Russell 
and Roussel, 2007). 
Of interest was the large, significant difference seen immediately in the serum total 
protein concentrations of cows supplemented with XPC and NTH when compared to cows fed 
CON or NTL (P < 0.01).  Total protein consists of albumin, globulin, and fibrinogen fractions 
within the blood.  In many circumstances, the elevation of albumin, globulin, or both, can be 
used as a diagnostic tool, with elevation in blood albumin usually the result of dehydration.  
Hypoglobulinemia is common in neonates, but is a rare occurrence in adult cattle and increases 
in globulin concentrations in the blood have been used to indicate chronic inflammation (Russell 
and Roussel, 2007).   
In this study, cows given XPC and NTH had a greater globulin fraction resulting in a 
decreased albumin:globulin ratio, when compared to cows fed CON or NTL (P < 0.01).  While 
this may appear concerning, a recent study theorized that a short-term elevation of globulins, 
specifically haptoglobin and serum amyloid A, in the transition period can promote the first 
phase of the nonspecific immune response to protect against disease (Medzhitov, 2008).  This is 
especially important for late-pregnant cows that naturally experience immune suppression.  A 
suppression of normally occurring, low degrees of inflammation during the first week after 
calving is even thought to inhibit metabolic adaptations to the increase in nutrient requirements 
for lactation (Farney et al., 2013).  The globulin protein fraction plays a key role in colostrum’s 
production of immunoglobulins A, G, and M, which is essential for newborn calves (Butler, 
1998).  The association of reduced serum globulin and a lower concentration of colostrum IgG 
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supports the results seen in NTL that exhibited similar limitations.  The greater fat production in 
cows fed XPC and NTH along with greater total protein concentrations indicates that while the 
expected milk yield differences were absent in this study, some positive benefits of feeding 
SCFP as reported in past studies may have been achieved (Zaworski et al., 2014). 
A reduced serum triglyceride (TG) concentration in cows supplemented with XPC (21.1 
mg/dL) indicated an increased use of TG in cows given a yeast culture supplemented diet, when 
compared to cows given CON (24.4 mg/dL, P < 0.01).  However, as previously discussed, when 
looking at body weight it would appear that cows fed CON did not mobilize as much fat as cows 
given XPC or NTH and so the increase in serum TG concentration was unexpected.  Comparing 
the CON cows to the average of the supplemented groups showed a greater overall TG 
concentration in cows fed CON (P < 0.01). 
An additional post-hoc analysis was added to investigate whether there were predicting 
factors in the blood serum chemical or mineral profiles that were associated with the cows later 
excluded from the experiment based on adverse health events, shown in Table 3-13.  While the 
treatment of feed additive, diet, and parity did influence later exclusion, there were still 
detectable differences between the resultant groups.  Cows that later suffered health issues had 
lower total protein concentrations (6.14 g/dL) when compared to included cows (6.35 g/dL, P < 
0.01).  This is then reflected in the serum globulin concentrations that are also reduced in cows 
later excluded in the postpartum period (P < 0.01).  So while the earlier discussed articles 
emphasized that an increase in acute phase proteins after calving can improve metabolic 
adaptation, it would appear that reduced serum total protein, specifically globulins, may have 
predicted the calving disorders these animals experienced (Farney et al., 2013). 
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Prepartum blood mineral concentrations (Table 3-14) sampled on the same day as the 
blood metabolites in Table 3-12 did not show significant differences between treatments.  A 
tendency for elevated P concentration in CON cows (6.14 mg/dL) when compared to NTL and 
NTH cows (5.77 and 5.75 mg/dL; P < 0.10) cannot be readily explained.  While greater blood P 
concentrations have been linked to greater growth hormone activity in young ruminants, it is 
inconsistent in adult animals where it is heavily associated with the diet (Cozzi et al., 2011).  
Phosphorous is not directly involved in mineral losses through sweat, like sodium, potassium, 
and chlorine, so there is not an immediate explanation of the observed differences.  However, all 
results fell within acceptable ranges of mineral concentrations (Cozzi et al., 2011).  
Concentrations of total Ca were greater in cows given XPC (9.62 mg/dL) when compared to 
cows given CON and NTL (9.47 and 9.41 mg/dL; P < 0.05). Means also were within the normal 
range and did not reflect the treatment differences in serum P concentrations (Goff and Horst, 
1997). 
Table 3-15 shows an analysis similar to Table 3-13, where cows that were later excluded 
from the study based on adverse health events are compared to cows that remained in the study.  
A small tendency was seen in serum phosphorous, greater in the excluded group, and 
magnesium, greater in the included group (P = 0.05).  However, the strength of these values, a 
difference of 0.20 mg/dL for phosphorous and 0.05 mg/dL for magnesium, does not appear to 
have the strength to use as a prediction tool. 
Table 3-16 presents the serum chemical profiles at the time of calving with the addition 
of the excluded cows, and shows greater globulin and consequently lower albumin:globulin 
ratios in cows given XPC and NTH (P = 0.06 and P = 0.02).  This is consistent with the 
prepartum data, but it is interesting to note that there were differences between unsupplemented 
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and supplemented cows (P < 0.03 and P < 0.09, respectively), as well as between XPC and the 
NutriTek® supplemented cows (P < 0.06 and P < 0.05, respectively).  This is a continued theme 
seen in the prepartum blood analysis for cows given these treatments. 
Table 3-17, comparing differences in the serum chemical profile at the time of calving to 
the post-hoc created groups based on adverse health events.  The only difference between these 
designated groups was the serum glucose concentration that was significantly greater in cows 
that remained in the study (109.5 mg/dL) compared to excluded cows (87.62 mg/dL; P = 0.02).  
The importance of glucose during this time is thought to be associated with greater milk 
production and both values are above the normal reference range (Wathes et al., 2007).  
However, when looking at the treatment analysis at this time, the average values were all above 
100 mg/dL in comparable cows within this study.  This may indicate that there was some 
limitation in these animals to circulate more glucose and successfully transition to the demands 
of lactation.  
In Table 3-18 there is a slight trend for greater potassium (K) in cows offered XPC (P < 
0.10).  However, K playing a role in body temperature regulation through sweat excretion means 
that environmental factors may affect blood K concentrations.  There was a slight trend for lower 
blood Cl concentrations between cows given XPC and those receiving NTL and NTH..  
Chloride, like K, is also released through the sweat and can fluctuate with environmental 
stressors (Russell and Roussel, 2007).   
So while interesting to note, the observed differences are not associated with known 
SCFP mechanisms and are potentially the result of uncontrolled environmental factors.  Serum 
mineral concentrations was then compared at the time of calving between the included and 
111 
 
excluded cow groups, shown in Table 3-19, and reported no differences that could have been 
used as predictors for future adverse health events. 
Postpartum Blood Analysis 
To explore blood metabolite concentrations during the fresh period blood samples were 
collected on 1, 3, 5, 7, 10, 14, 17, and 21 days in milk, shown in Table 3-20.  Similar to the 
prepartum data shown in Table 3-12, there was a significant difference in total protein 
concentration among treatment groups.  Cows receiving XPC and NTH had greater total protein 
than those given CON or NTL (P < 0.01).  This difference consisted solely of additional globulin 
proteins and inversely affected the albumin:globulin ratio (P < 0.01).  The continued difference 
in blood total protein concentrations across the entire transition period supports the conclusion 
that the treatments consistently affected globulin proteins.  Depending on the globulin fraction 
most affected, either acute phase proteins, C-reactive proteins, or immunoglobulins, there is 
potential for long-term health benefits (Piccione, 2011).   
While there are many blood metabolite differences in Table 3-20, cows in groups fed 
XPC or NTH responded similarly, as did those fed CON and NTL.  The XPC and NTH groups 
had greater circulating glucose and total alkaline phosphatase, and lower concentrations of the 
enzymes indicating hepatic stress (AST/SGOT, GGT, and GLDH) than the groups given CON 
NTL (P < 0.01).  A greater glucose concentrations would indicate a more stable energy status in 
these cows and possibly associated with greater milk production through the conversion of 
glucose to milk lactose (Wathes et al., 2007).  However, this did not translate to the recorded 
production parameters in this study.  Possible explanations are that the greater blood glucose 
went to another biological energy need since milk lactose controls milk volume or that since they 
did not produce as much milk their demand for glucose was also lowered (Strang et al., 1998).   
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The parameters that did not fit this generalization were urea nitrogen and the enzyme 
CPK/CK that were lowest for cows receiving CON or NTH (192 and 141 U/L) and greatest for 
cows supplemented with XPC or NTL (213 and 237 U/L; P < 0.01).  Both analysis are used to 
measure glomerular filtration rate and is used to estimate kidney health.  So while hepatic and 
renal blood markers are valuable as diagnostic tools for disease, there is less implication of 
specific results while fluctuating within a normal range (Russell and Roussel, 2007).   
Table 3-22 illustrates the frequency of detectable cortisol concentrations in the pre- and 
postpartum period.  When analyzing cortisol, we found many samples did not reach the 
minimum threshold of 27.6 nmol/L.  Those that were above this threshold showed a range that 
could help quantify the stress during the time of transition.  Samples were analyzed at -7, -4, and 
-1 days prior to calving, directly after calving, and at 1, 2, 3, 5, and 7 days post calving.  All 
cows remained mostly below detectable levels approaching the calving date, approximately 80 to 
95% of samples a week before and 75 to 90% of samples four days before calving, fell below the 
threshold.  Treatments receiving NTL and NTH exhibited a higher number of cows over the 
detectable limit at 20% and >20% of the samples at -7 and -4 days, respectively.   
Directly after calving, cortisol spiked and almost all samples (90 to 100%) fell within 
reading range, averaging between 75 to 85 nmol/L.  Cows in CON and NTL groups had the 
greatest cortisol peak at 80 to 85 nmol/L.  All groups had a decreased number of detectable 
samples to approximately 40% after 24 h postpartum, and these averaged approximately 50 
nmol/L.  Cows supplemented with CON, XPC, or NTL did not differ between the 24 and 48 h 
samples, but cows given NTH dropped to 30% detectable samples by 48 h.  Cows receiving 
NTH continued to decline steadily in detectable samples until all cows were below the threshold 
one week after calving.  Cows given CON, XPC, or NTL declined more slowly, with only a few 
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samples still registering above the detectable limit by day 7, averaging 30 to 40 nmol/L.  Overall, 
cows in the group receiving NTH exhibited a more rapid decrease after calving, but showed 
signs of greater cortisol concentrations prior to calving without an obvious cause.  The other 
three treatments reacted similarly up to calving and through the subsequent week postpartum.   
In Table 3-23, with excluded cows counted in the data set, the general behavior of 
cortisol in all the cows approaching calving was similar, but the range of reported cortisol blood 
values was greater within treatment groups.  While cortisol is most commonly considered a 
response to physical or emotional stress, it also plays a key role in homeostatic maintenance such 
as the metabolism of adipose tissues and anti-inflammatory actions.  A continued elevation of 
circulating cortisol concentrations after the immediate reaction to the physical stress of calving 
could indicate inflammatory of immunological challenges (Katsu and Iguchi, 2016). 
Health 
Table 3-24 summarizes the frequency of health disorders by treatment during the study 
period through 73 DIM for cows that remained in the final data set, having not been excluded 
during the fresh period.  The health disorder categories were subclinical ketosis, ketosis, mastitis, 
metritis, retained placenta, displaced abomasum, subclinical hypocalcemia, dehydration, 
depression, fever, injury, and peritonitis.  Cows on treatment CON were found to be diagnosed 
more often for subclinical ketosis, clinical ketosis, metritis, retained placenta, subclinical 
hypocalcemia, dehydration, and peritonitis.  Subclinical ketosis and subclinical hypocalcemia 
were diagnosed after the trial and were not used to determine if medical treatment was 
warranted.   
Subclinical ketosis was determined using a Precision Xtra ketone meter with disposable 
ketone strips at either 5 or 14 days post-calving.  All treatment groups had >50% of the cows 
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categorized as having had subclinical ketosis. Subclincal hypocalcemia was defined as a blood 
total calcium concentration remaining below 8.5 mg/dL on the day of calving (Chapinal et al., 
2011).  All treatment groups averaged between 7.3 to 7.8 mg/dL, with 80 to 90% of cows falling 
below this proposed threshold.  Mastitis, fever, injury, and displaced abomasum treatments were 
spread evenly over all treatment groups.  This would indicate that while more cows remained in 
the final data set after chronic health challenged animals were removed in the group offered 
CON (n = 32), the remaining animals cows showed a greater frequency of medical intervention.  
The reported interactions of many of the common metabolic disorders means that one disorder 
increases the risk of other disorders and ultimately impacts milk yield and milk component 
production (Dann et al.,2005; Martinez et al., 2012). 
This trend also carried over to the frequency values of clinical ketosis that required 
medical intervention with propylene glycol.  While the determination of exclusion based on a 
persistent health challenge was conducted as a blinded evaluation, more animals in the CON 
treatment group that were given propylene glycol remained in the final data set.  There was 
concern that this may have skewed the production results in favor of cows offered CON when 
compared to the other supplemented groups.  Propylene glycol provided in a drench is used to 
lower blood ketones and mitigate clinical symptoms of ketosis by increasing plasma glucose 
concentrations (McArt et al., 2011).  
In a subclinical ketosis situation providing propylene glycol as a drench has been 
reported to artificially increase milk production by up to 0.23 kg/milking (McArt et al., 2011), 
which is achieved through decreasing peripheral tissue glucose demand by flooding the system 
with an easily accessible glucose source. While this production boost does not mitigate the 
numerical differences observed among the treatments, it may have lessened our ability to detect 
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statistical differences when comparing treatment supplementation.  Other health disorder 
frequencies fluctuated minimally between treatments, but cows offered CON still exhibited a 
greater number of metritis cases (42%) than the other treatment groups (XPC: 31%; NTL: 23%; 
NTH: 21%). 
The high frequency of hypocalcemia in Table 3-25 was also interesting to note.  The 
transition period represents a natural metabolic challenge when the mineral balance can greatly 
affect the animal’s ability to transition from gestation to lactation.  Many health problems have 
been linked to hypocalcemia, both clinical and subclinical cases, which can be seen through the 
larger number of health incidences in this study that exceeded national averages (Chamberlin et 
al., 2013; Wilde, 2006).  This is likely due to the partially acidified prepartum diet, a dry cow 
DCAD between -4 and -9 mEq/100 g DM, that did not provide a low enough DCAD to prepare 
for the calcium demands after calving for this herd (USDA, 2014).   
Combined with possible on-farm standard operating procedure error and older facility 
design, the extensive subclinical hypocalcemia could account for many of the health issues 
encountered during the trial.  Even before calving, cows that later develop subclinical 
hypocalcemia can exhibit behavioral changes indicating discomfort or distress, though not 
measured in this study (Jawor et al., 2012).  This could then lead to exacerbation of facility 
related stress on the periparturient cows.  The analysis shown in Table 3-20 used odds ratios to 
compare health challenges between treatments and found no significant differences, indicating 
factors other than treatment assignment influenced the increased health challenges.  
CONCLUSIONS 
Dairy producers are look for alternatives to prevent and treat health issues that frequently 
occur during the transition period in order to optimize production and reduce medical treatment 
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costs.  It is difficult to separate production responses from health benefits, but by preventing 
adverse health events more energy is available for milk synthesis.  The increased blood 
concentrations of total protein, specifically the globulin fraction, indicated a possible benefit of 
supplementing XPC or NTH to dairy cows through the transition period without impacting 
production when compared to CON.  The increase in globulin proteins and their relationship to 
the innate immune system through inflammatory properties may represent a way to stimulate the 
cow’s natural immunological defenses prior to calving while in a naturally immunosuppressed 
period.  Cows fed NTL appeared to have prioritized energy toward maintaining BW over milk 
production while continuing XPC supplementation through the high lactation period may hay 
allowed for long-term improvements in milk protein production.  However, variations in 
responses to SCFP supplementation presents an area of research that still needs to be explored 
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Table 3-1. Enrollment and exclusion of eligible cows, separated by diet and treatment6 
 Diet 1  Diet 2 Overall 
 CON XPC NTL NTH  CON XPC NTL NTH Totals 
Initially enrolled 10 11 9 11  27 27 29 30 154 
Removed during dry period1 2 0 1 3  2 3 7 5 23 
Completed dry period and calved 8 11 8 8  25 24 22 25 131 
Died on trial2 0 0 1 1  0 4 2 4 12 
Removed for health concerns3 0 0 1 0  0 1 3 0 5 
Excluded after data review4 0 5 1 2  1 2 1 2 14 
Included early lactation only5 1 1 0 0  1 0 0 3 6 
Total cows, early lactation period 8 6 5 5  24 17 16 19 100 
Total cows, high period 7 5 5 5  23 17 16 16 94 
1 Due to undiagnosed twins, abortion, discovered non-pregnant, or calving within 14 days of beginning treatment: 
7821, 8449, 8499, 8549, 8653, 8739, 8777, 8787, 8788, 8797, 8807, 8811, 8820, 8902, 8903, 8937, 8947, 8965, 8981, 8991, 8998, 9012, 9030. 
2 Died or euthanized on trial: 
Died – 8096 (kidney failure), 8314 (sudden death, unknown cause), 8506 (never started well; sudden death, unknown cause) 
Euthanized – 1405 (multiple health problems; foot or leg problems), 1410 (blood poisoning), 1420 (right displaced abomasum), 8697 (peritonitis), 
8731 (cardiac complications), 8802 (bacterial infection from DA surgery), 9008 (dislocated hip), 9031 (nerve damage in rear leg), 28092 
(neurological problem) 
3 Removed for health considerations during the trial: 
1413 (did not adapt to barn, fearful; multiple health problems), 1426 (did not adapt to barn, fearful; multiple health problems), 8714 (DA; loss of 
rumen activity, transfaunated), 89142 (multiple health problems; refused to eat diet), 9024 (multiple health problems; peritonitis) 
4 Excluded after data review: 
1409, 1414, 8405, 8547, 8611, 8687, 8735, 8781, 8812, 8826, 8873, 8916, 8932, 8953 
5 Cows only included for the close-up and early postpartum periods (through 28 DIM): 
1407, 8124, 8759, 8914, 8934, 9011 








Table 3-2. Pre-treatment characteristics of eligible cows as blocked, separated by diet and treatment1 
 Diet 1  Diet 2 
Variable CON XPC NTL NTH  CON XPC NTL NTH 
Initially enrolled, n 10 11 9 11  27 27 29 30 
Previous milk, high (>10,454 kg) 6 9 3 8  20 22 26 22 
Previous milk, kg/lactation 11,576 12,199 11,100 11,794  11875 11,780 12,158 11,701 
Last SCC, x 1000 cells/mL 150 206 629 139  207 192 233 233 
BW, kg 723 707 740 733  726 738 738 730 
BCS, high (>3.5) 6 7 5 7  25 22 27 25 
Lactation number = 2 5 6 5 5  11 10 11 13 
Avg Lact number 3.2 2.91 2.89 2.91  3.26 3.44 2.97 2.97 
Origin = purchased 3 3 4 3  2 1 3 2 





Table 3-3. Pre-treatment characteristics of cows remaining in data set, separated by diet and treatment: Treatments consist of 50 g 
top dress mixtures of ground corn, 50 g of corn (CON), 18 g of XPC (XPC), 19 g of NutriTek (NTL), and 38 g of NutriTek (NTH) 
 Diet 1  Diet 2 
Variable CON XPC NTL NTH  CON XPC NTL NTH 
Through early lactation only, n 8 6 5 5  24 17 16 19 
   Previous milk, high (> 10,454 kg)  5 5 2 4  17 14 13 14 
   Previous ME, kg/lactation 10,912 12,484 11,213 13,085  12,092 11,979 11,701 12,005 
   Last SCC, × 1000 cells/mL 150 131 279 154  210 199 187 246 
   Average BW. kg 689 682 707 650  717 719 719 700 
   BCS,  high (> 3.5) 5 4 2 3  21 13 13 14 
   Lactation number = 2 5 3 3 3  9 5 6 7 
Avg Lact number 2.63 3.17 2.8 2.6  3.33 3.53 2.81 3.05 
Origin = purchased 3 2 2 1  2 1 1 2 
High period, n 7 5 5 5  23 17 16 16 
   Previous milk, high (> 10,454 kg) 4 5 2 4  16 14 13 12 
   Previous ME, kg/lactation 10,443 12,730 11,213 13,085  11,999 11,979 11,701 12,049 
   Last SCC, x 1000 cells/mL 169 146 279 154  218 199 187 247 
   Average BW. kg 684 683 707 650  719 719 719 678 
   BCS, high (> 3.5) 4 3 2 3  20 13 13 11 
   Lactation number = 2 4 2 3 3  8 5 6 6 
Avg Lact number 2.71 3.4 2.8 2.6  3.39 3.53 2.81 2.75 
Origin = purchased 2 2 2 1  2 1 1 2 
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Table 3-4.  Ingredient composition (% of total DM) of the close-up and lactation diets fed as TMR  
   Close-up TMR  Lactation TMR 
Ingredient Far-off TMR  Diet 1 Diet 2  Diet 1 Diet 2 
Corn silage 26.52  37.86 30.31  50.00 34.10 
Alfalfa silage 0.00  6.58 2.75  13.91 5.50 
Wheat straw, chopped 42.71  21.40 21.86  2.17 1.00 
Cottonseed 0.00  0.00 0.00  3.25 5.00 
Ground shelled corn 6.61  5.97 9.93  5.57 17.00 
Wheat middlings 0.00  1.48 1.50  3.00 3.00 
Corn gluten feed, pelleted 0.00  1.98 2.40  4.00 4.81 
Soybean hulls, pelleted 16.13  7.90 9.96  0.00 7.28 
Molasses, beet 0.00  0.00 2.56  3.15 5.15 
Soybean meal, 48% CP 5.00  0.00 5.47  0.00 5.94 
Soy Plus1 0.00  7.41 3.27  10.01 4.90 
SoyChlor 16-71 0.00  4.12 5.30  0.00 0.00 
ProVaal Advantage2 0.00  0.99 1.00  1.30 1.50 
Urea 0.300  0.198 0.15  0.000 0.00 
Energy Booster 100 0.00  0.00 0.00  1.00 1.64 
Limestone 1.270  1.811 1.628  0.913 1.220 
Salt, plain 0.300  0.198 0.100  0.200 0.200 
Dicalcium phosphate 0.180  0.296 0.280  0.170 0.380 
Magnesium oxide 0.080  0.000 0.000  0.100 0.050 
Sodium bicarbonate 0.000  0.000 0.000  0.750 0.750 
UI Dairy mineral-vitamin3 0.200  0.198 0.200  0.150 0.170 
Biotin 0.350  0.346 0.350  0.350 0.390 
Magnesium sulfate•7H20 0.000  0.938 0.650  0.000 0.000 
Vitamin E 0.350  0.296 0.300  0.000 0.000 
Vitamin A 0.0000  0.0250 0.0150  0.0000 0.0150 
Vitamin D 0.0000  0.0150 0.0150  0.0000 0.0000 
Total 100.000  100.000 100.00  100.000 100.00 
1Soy Plus and SoyChlor 16-7, Landus Cooperative  
2ProVaal Advantage, Perdue Agribusiness 
3UI Dairy mineral-vitamin consisted of calcium carbonate, roughage products, choline chloride, vitamin A 
supplement, vitamin D3 supplement, vitamin E supplement, menadione sodium bisulfite complex, riboflavin 
supplement, calcium pantothenate, niacin supplement, vitamin B12 supplement, hydratesodium calcium 




Table 3-5. Analyzed chemical profile (means ± SD of monthly composite samples) of the 
close-up diet fed as TMR and of the refusals (orts) 
 Close Up TMR Close Up Orts 
Component Diet 1 SD Diet 2 SD Diet 1 SD Diet 2 SD 
DM, % as fed 48.80 4.69 46.31 4.00 46.37 1.05 46.15 4.40 
CP, % of DM 13.77 2.17 15.23 0.83 15.17 0.35 16.09 1.65 
AP, % of DM 12.93 2.12 14.47 0.82 14.37 0.35 15.20 1.45 
ADICP, % of DM 0.80 0.00 0.76 0.15 0.77 0.06 0.88 0.33 
Adjusted CP, % of DM 13.77 2.17 15.23 0.83 15.17 0.35 16.03 1.50 
Soluble P, % of CP 33.33 2.52 34.55 3.33 33.33 2.08 35.00 4.94 
NDICP, % of DM 2.23 0.32 1.86 0.17 2.07 0.15 1.98 0.44 
ADF, % of DM 31.20 3.14 30.97 1.67 28.80 1.37 30.55 2.42 
aNDFom, % of DM 43.50 4.47 41.07 6.89 38.50 4.07 41.24 3.46 
Lignin, % of DM 4.90 1.05 3.99 0.56 4.23 0.06 4.29 0.72 
NFC, % of DM 30.17 2.03 29.61 2.21 33.03 4.70 29.62 4.70 
Starch, % of DM 18.60 1.21 16.12 2.65 20.60 3.48 16.62 2.97 
ESC, % of DM 2.33 1.56 2.55 1.25 2.13 0.51 2.26 1.10 
Crude fat, % of DM 2.73 0.35 2.65 0.32 2.97 0.29 2.66 0.50 
Ash, % of DM 9.82 1.75 9.63 0.87 10.36 1.32 10.39 0.97 
TDN, % of DM 62.00 2.65 63.64 1.36 64.67 3.06 63.09 3.11 
NEL, Mcal/kg of DM 1.44 0.07 1.47 0.04 1.49 0.07 1.44 0.09 
NEM, Mcal/kg of DM 1.36 0.11 1.40 0.04 1.44 0.11 1.38 0.11 
NEG, Mcal/kg of DM 0.76 0.09 0.82 0.04 0.84 0.09 0.80 0.11 
Ca, % of DM 1.45 0.62 1.41 0.35 1.64 0.27 1.64 0.32 
P, % of DM 0.30 0.03 0.32 0.03 0.31 0.02 0.33 0.04 
Mg, % of DM 0.37 0.07 0.46 0.07 0.39 0.06 0.47 0.06 
K, % of DM 1.07 0.06 1.31 0.12 1.11 0.09 1.32 0.20 
Na, % of DM 0.10 0.02 0.10 0.02 0.11 0.01 0.09 0.01 
Fe, mg/kg of DM 579 172.0 565 120.0 572 30.4 615 116.9 
Zn, mg/kg of DM 97.00 4.00 96.64 10.72 93.33 11.02 95.09 9.99 
Cu, mg/kg of DM 17.00 2.65 20.00 2.14 17.33 2.31 19.55 1.21 
Mn, mg/kg of DM 97.67 8.50 107.00 11.16 99.33 15.37 107.64 9.65 
Mo, mg/kg of DM 0.87 0.06 1.08 0.17 0.97 0.15 1.05 0.19 
S, % of DM 0.33 0.06 0.34 0.04 0.34 0.03 0.35 0.05 
Cl, % of DM 0.72 0.09 0.74 0.07 0.68 0.10 0.78 0.08 
DCAD, mEq/100 g 
DM1 -9.33 5.51 -4.18 2.71 -7.00 4.00 -6.00 3.46 
1DCAD = ((%Na*435 + %K*256) – (%Cl*282 + %S*624))/10 
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Table 3-6. Analyzed chemical profile (means ± SD of monthly composite samples) of the 
lactation diet fed as TMR and of the refusals (orts)  
 Lactation TMR Lactation Orts 
Component Diet 1 SD Diet 2 SD Diet 1 SD Diet 2 SD 
DM, % as fed 38.85 3.04 43.12 3.23 39.05 4.31 45.02 3.54 
CP, % of DM 16.35 0.49 17.92 0.75 17.65 1.48 17.62 1.31 
AP, % of DM 15.45 0.21 17.17 0.79 16.85 1.48 16.91 1.29 
ADICP, % of DM 0.90 0.28 0.73 0.15 0.80 0.00 0.72 0.16 
Adjusted CP, % of DM 16.35 0.49 17.92 0.75 17.65 1.48 17.62 1.31 
Soluble P, % of CP 37.00 4.24 31.62 2.84 39.50 9.19 33.54 9.52 
NDICP, % of DM 2.20 0.14 1.98 0.21 2.20 0.14 2.00 0.38 
ADF, % of DM 23.85 1.48 21.90 2.09 25.35 3.89 21.94 3.41 
aNDFom, % of DM 36.45 0.78 31.22 2.52 35.95 4.60 30.44 4.07 
Lignin, % of DM 3.80 0.85 3.05 0.84 3.65 0.78 2.79 0.71 
NFC, % of DM 34.60 0.42 37.46 2.37 33.70 2.97 35.91 3.98 
Starch, % of DM 22.90 1.84 23.92 2.23 20.05 3.75 23.99 2.69 
ESC, % of DM 3.60 0.28 2.97 1.28 3.40 2.26 1.98 0.94 
Crude fat, % of DM 4.95 0.49 5.52 0.53 4.75 0.21 5.28 0.59 
Ash, % of DM 7.70 0.43 7.88 0.93 7.97 0.01 10.75 5.90 
TDN, % of DM 70.50 2.12 74.15 2.12 71.00 2.83 71.54 5.17 
NEL, Mcal/kg of DM 1.67 0.07 1.76 0.07 1.69 0.09 1.71 0.13 
NEM, Mcal/kg of DM 1.69 0.09 1.80 0.07 1.69 0.11 1.73 0.18 
NEG, Mcal/kg of DM 1.07 0.07 1.18 0.07 1.07 0.09 1.11 0.16 
Ca, % of DM 1.03 0.09 1.16 0.33 1.02 0.09 1.33 0.52 
P, % of DM 0.40 0.04 0.41 0.02 0.38 0.01 0.42 0.07 
Mg, % of DM 0.29 0.01 0.29 0.06 0.29 0.02 0.33 0.13 
K, % of DM 1.50 0.11 1.40 0.07 1.56 0.08 1.35 0.14 
Na, % of DM 0.30 0.00 0.29 0.04 0.28 0.01 0.30 0.06 
Fe, mg/kg of DM 433 115 448 100.7 392 92.6 810 88.0 
Zn, mg/kg of DM 83.0 1.41 85.7 12.37 83.0 5.66 102.5 50.29 
Cu, mg/kg of DM 17.0 0.00 17.5 2.30 16.0 1.41 24.5 14.69 
Mn, mg/kg of DM 81.5 2.12 84.2 15.68 76.0 5.66 102.0 40.52 
Mo, mg/kg of DM 1.05 0.07 1.03 0.18 1.10 0.14 1.11 0.21 
S, % of DM 0.24 0.02 0.26 0.01 0.24 0.02 0.26 0.02 
Cl, % of DM 0.46 0.01 0.38 0.05 0.47 0.07 0.38 0.08 
DCAD, mEq/100 g 
DM1 24.0 1.41 21.3 2.69 24.0 1.41 20.4 3.07 







Table 3-7. Physical characteristics of TMR and refusals, as determined by monthly mean 
particle size distribution in 4-layer Penn State Particle Separator1 
 Lactation Close-up Lactation refusal Close-up refusal 
% Diet 1 Diet 2 Diet 1 Diet 2 Diet 1 Diet 2 Diet 1 Diet 2 
Upper 13.40 1.86 14.11 4.32 3.70 1.64 - 4.35 
Middle 45.92 47.06 45.26 44.60 58.38 43.89 - 45.24 
Lower 33.51 44.08 31.58 42.70 32.47 45.80 - 42.76 
Bottom 7.17 7.00 9.05 8.37 5.45 8.67 - 7.65 
Mean 
particle 
size, mm 7.0 4.7 6.8 5.0 5.8 4.4 - 5.1 

















Table 3-8. Least squares means and orthogonal treatment contrasts for DMI, BW, and BCS during the prepartum period (starting at 
-26 d to expected calving date) and calving data 
 Treatments4  Contrasts (P values) 
Variable 
CON 
n = 32 
XPC 
n = 23 
NTL 
n = 21 
NTH 









DMI1, kg 14.1 14.0 14.1 13.6 0.70 0.59 0.84 0.61 
DMI, % of BW 1.92 1.83 1.79 1.87 0.10 0.37 0.98 0.56 
BW2, kg 754 763 786 735 20 0.66 0.90 0.05 
BCS2 3.79 3.79 3.80 3.80 0.04 0.95 0.86 0.98 
Calving BW, kg 717 711 754 700 17 0.78 0.43 0.02 
Colostrum3, kg 5.3 6.0 5.3 5.1 1.0 0.88 0.50 0.86 
Colostrum3 IgG, mg/mL 89.5 100.7 81.1 96.4 9.0 0.71 0.17 0.15 
Calf BW, kg 43.4 43.9 43.7 41.8 1.5 0.80 0.46 0.33 
1Dry matter intake was measured daily and summarized by week. 
2BW and BCS were measured once weekly. 
3Colostrum defined as the first milking only. 
4Treatments consist of 50 g top dress mixtures of ground corn: 50 g of corn carrier (CON), 18 g of yeast fermentation product Diamond V’s original 
XPC (XPC), 19 g of yeast fermentation product Diamond V’s NutriTek (NTL), and 38 g of yeast fermentation product Diamond V’s NutriTek 




Table 3-9. Least squares means and orthogonal treatment contrasts from calving through d 28 (early postpartum1) for DMI, milk yield, milk 
components, and BW 
 Treatments2  Contrasts (P values) 
Variable 
CON 
n = 32 
XPC 
n = 23 
NTL 
n = 21 
NTH 









DMI3, kg/d 16.3 15.8 16.5 16.3 0.88 0.93 0.49 0.87 
DMI, % of BW 2.39 2.35 2.34 2.43 0.13 0.89 0.80 0.57 
Milk, kg/d 40.7 41.0 42.0 41.3 2.4 0.69 0.77 0.81 
FCM4, kg/d 44.0 44.7 44.0 46.5 2.5 0.61 0.81 0.42 
ECM5, kg/d 44.3 45.0 44.1 46.9 2.5 0.62 0.86 0.37 
Fat6, % 3.98 4.09 4.00 4.23 0.18 0.44 0.88 0.34 
Protein6, % 3.00 3.07 2.94 3.10 0.09 0.68 0.61 0.18 
Fat, kg/d 1.67 1.73 1.64 1.87 0.10 0.37 0.79 0.07 
Protein, kg/d 1.26 1.32 1.24 1.35 0.08 0.55 0.74 0.26 
Lactose, % 4.72 4.73 4.68 4.72 0.05 0.79 0.53 0.49 
Other solids, % 5.63 5.65 5.58 5.64 0.05 0.83 0.49 0.37 
Total solids6, % 12.79 12.95 12.54 13.22 0.23 0.62 0.77 0.02 
MUN, mg/dL 13.2 13.8 13.8 13.4 0.72 0.35 0.74 0.70 
SCC6 291 205 197 336 134 0.59 0.47 0.91 
BW7, kg 683 668 698 671 16 0.81 0.35 0.20 
1Milk samples were obtained weekly from 3 consecutive milkings. 
2Treatments consist of 50 g top dress mixtures of ground corn: 50 g of corn carrier (CON), 18 g of yeast fermentation product Diamond V’s original 
XPC (XPC), 19 g of yeast fermentation product Diamond V’s NutriTek (NTL), and 38 g of yeast fermentation product Diamond V’s NutriTek 
(NTH); starting at -26 d prior to expected calving 
3Dry matter intake was measured daily and summarized by week. 
4Fat-corrected milk calculated using the formula: FCM = (0.515*milk weight) + (13.86*fat weight) (Bethard, 2012).   
5Energy-corrected milk calculated using the formula: ECM = (0.327*milk weight) + (12.95*fat weight) + (7.65*protein weight) (Orth, 1992).   
6Data were log transformed for statistical analysis; LS means described in non-transformed values. 




Table 3-10. Least squares means and orthogonal treatment contrasts from d 29 through d 73 (high period1) for DMI, milk yield, milk 
components, and BW 
 Treatments2  Contrasts (P values) 
Variable 
CON 
n = 32 
XPC 
n = 23 
NTL 
n = 21 
NTH 









DMI3, kg/d 21.6 21.63 22.34 21.8 0.77 0.63 0.58 0.57 
DMI, % of BW 3.33 3.34 3.35 3.37 0.11 0.85 0.86 0.92 
Milk, kg/d 48.8 50.7 48.4 49.8 2.2 0.66 0.48 0.61 
FCM4, kg/d 50.6 49.9 46.5 50.4 1.9 0.23 0.40 0.08 
ECM5, kg/d 50.1 50.0 46.2 49.6 1.9 0.32 0.26 0.12 
Fat6, % 3.58 3.25 3.29 3.44 0.10 0.01 0.34 0.26 
Protein6, % 2.75 2.94 2.73 2.68 0.07 0.54 <0.01 0.60 
Fat, kg/d 1.80 1.73 1.58 1.83 0.07 0.15 0.72 <0.01 
Protein, kg/d 1.38 1.54 1.33 1.43 0.07 0.40 0.03 0.23 
Lactose, % 4.86 4.88 4.85 4.88 0.04 0.90 0.75 0.50 
Other solids, % 5.76 5.78 5.74 5.77 0.04 0.90 0.57 0.58 
Total solids6, % 12.25 11.99 11.75 12.03 0.17 0.02 0.73 0.20 
MUN, mg/dL 15.0 15.7 15.0 15.5 0.54 0.34 0.30 0.41 
SCC6 253 373 273 232 103 0.32 0.97 0.15 
BW7, kg 646 638 656 637 14 0.87 0.57 0.30 
1Milk samples were obtained weekly from 3 consecutive milkings. 
2Treatments consist of 50 g top dress mixtures of ground corn: 50 g of corn carrier (CON), 18 g of yeast fermentation product Diamond V’s original 
XPC (XPC), 19 g of yeast fermentation product Diamond V’s NutriTek (NTL), and 38 g of yeast fermentation product Diamond V’s NutriTek 
(NTH); starting at -26 d prior to expected calving3Dry matter intake was measured daily and summarized by week. 
4Fat-corrected milk calculated using the formula: FCM = (0.515*milk weight) + (13.86*fat weight) (Bethard, 2012).   
5Energy-corrected milk calculated using the formula: ECM = (0.327*milk weight) + (12.95*fat weight) + (7.65*protein weight) (Orth, 1992).   
6Data were log transformed for statistical analysis; LS means described in non-transformed values. 
7BW was measured once weekly. 




Table 3-11. Least squares means and orthogonal treatment contrasts from calving through d 73 for DMI1, milk yield, milk 
components, and BW 
 Treatments2  Contrasts (P values) 
Variable 
CON 
n = 32 
XPC 
n = 23 
NTL 
n = 21 
NTH 









DMI3, kg/d 19.6 19.3 20.0 19.5 0.68 0.89 0.54 0.54 
DMI, % of BW 2.97 2.95 2.95 2.98 0.09 0.94 0.84 0.85 
Milk, kg/d 46.0 47.2 46.2 47.0 2.0 0.64 0.78 0.74 
FCM4, kg/d 48.1 48.2 45.6 48.9 1.8 0.70 0.57 0.11 
ECM5, kg/d 47.8 48.3 45.4 48.6 1.8 0.77 0.45 0.14 
Fat6, % 3.73 3.59 3.57 3.74 0.10 0.31 0.56 0.23 
Protein6, % 2.84 2.96 2.81 2.85 0.07 0.57 0.06 0.69 
Fat, kg/d 1.76 1.74 1.60 1.85 0.06 0.63 0.82 <0.01 
Protein, kg/d 1.34 1.45 1.29 1.41 0.06 0.42 0.15 0.17 
Lactose, % 4.81 4.81 4.79 4.80 0.04 0.79 0.63 0.76 
Other solids, % 5.71 5.72 5.69 5.70 0.04 0.81 0.50 0.73 
Total solids6, % 12.44 12.34 12.07 12.47 0.15 0.13 0.76 0.03 
MUN, mg/dL 14.2 15.0 14.5 14.6 0.50 0.14 0.32 0.80 
SCC6 268 287 268 314 103 0.81 0.97 0.71 
BW7, kg 664 649 674 657 15 0.76 0.31 0.40 
1Milk samples were obtained weekly from 3 consecutive milkings. 
2Treatments consist of 50 g top dress mixtures of ground corn: 50 g of corn carrier (CON), 18 g of yeast fermentation product Diamond V’s original 
XPC (XPC), 19 g of yeast fermentation product Diamond V’s NutriTek (NTL), and 38 g of yeast fermentation product Diamond V’s NutriTek 
(NTH); starting at -26 d prior to expected calving 
3Dry matter intake was measured daily and summarized by week. 
4Fat-corrected milk calculated using the formula: FCM = (0.515*milk weight) + (13.86*fat weight) (Bethard, 2012).   
5Energy-corrected milk calculated using the formula: ECM = (0.327*milk weight) + (12.95*fat weight) + (7.65*protein weight) (Orth, 1992).   
6Data were log transformed for statistical analysis; LS means described in non-transformed values. 
7BW was measured once weekly.  
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Table 3-12. Least squares means and orthogonal treatment contrasts for blood metabolites and enzymes1 during the prepartum period 
 Treatments2  Contrasts (P values) 
Variable 
CON 
n = 32 
XPC 
n = 23 
NTL 
n = 21 
NTH 









Total protein, g/dL 6.27 6.59 6.15 6.49 0.06 <0.01 <0.01 <0.01 
Creatinine, mg/dL 0.98 0.99 0.99 0.95 0.02 0.89 0.11 0.05 
Urea N, mg/dL 12.4 13.0 13.0 12.0 0.34 0.28 0.11 0.01 
Albumin, g/dL 3.36 3.33 3.34 3.32 0.02 0.10 0.99 0.51 
Globulin3, g/dL 2.91 3.26 2.83 3.18 0.05 <0.01 <0.01 <0.01 
Albumin:globulin 1.19 1.08 1.23 1.08 0.02 <0.01 <0.01 <0.01 
Glucose3, mg/dL 67.7 68.0 66.9 66.7 0.95 0.96 0.46 0.93 
Total alkaline phosphatase3, U/L 36.5 39.7 37.6 37.5 1.0 0.03 0.17 0.93 
AST/SGOT3, U/L 49.0 50.0 50.5 49.9 1.1 0.10 0.95 0.27 
GGT3, U/L 16.4 17.1 15.6 16.3 0.46 0.55 0.06 0.55 
Total bilirubin3, mg/dL 0.18 0.18 0.17 0.19 0.02 0.92 0.59 0.08 
CPK/CK3, U/L 165 148 143 116 29.6 0.24 0.64 0.09 
Cholesterol3, mg/dL 92.8 90.9 93.3 90.1 1.8 0.32 0.73 0.03 
GLDH3, U/L 16.8 14.9 15.1 15.7 1.4 0.26 0.13 0.12 
Bicarbonate3, mmol/L 22.2 22.9 22.4 22.4 0.26 0.11 0.04 0.92 
Triglycerides, mg/dL 24.4 21.1 23.0 22.8 0.84 <0.01 0.04 0.81 
Anion gap 19.4 19.5 19.2 19.5 0.26 0.82 0.62 0.25 
Glutathione peroxidase, mU/mL  6.2 5.8 5.6 5.6 0.54 0.12 0.16 0.99 
1Blood samples were taken on d -26 (used as a covariate in the model), -17, -14, -7, -4, and -1 to expected calving date (+/- 3 d). 
2Treatments consist of 50 g top dress mixtures of ground corn: 50 g of corn carrier (CON), 18 g of yeast fermentation product Diamond V’s original 
XPC (XPC), 19 g of yeast fermentation product Diamond V’s NutriTek (NTL), and 38 g of yeast fermentation product Diamond V’s NutriTek 
(NTH); starting at -26 d prior to expected calving 









Table 3-13. Least squares means for blood metabolites and enzymes during the prepartum period for cows separated by exclusion from 
final data set 
 Groups3       P-value 
Variable1 
Included 
n = 99 
Excluded 
n = 29 SE Treatment2 Diet Diet*Trt Group*Trt Parity Group 
Total protein, g/dL 6.35 6.14 0.07 <0.01 0.01 <0.01 0.04 <0.01 <0.01 
Creatinine, mg/dL 0.99 1.0 0.02 0.10 0.82 0.05 <0.01 0.57 0.46 
Urea N, mg/dL 12.60 12.23 0.38 0.22 0.24 0.21 0.05 0.01 0.28 
Albumin, g/dL 3.33 3.31 0.03 0.10 0.91 0.01 0.29 0.57 0.45 
Globulin, g/dL 3.01 2.84 0.06 <0.01 0.01 <0.01 0.05 <0.01 0.01 
Albumin:globulin 1.19 1.38 0.19 0.14 0.67 0.62 0.34 0.16 0.35 
Glucose, mg/dL 67.28 65.55 1.0 0.72 <0.01 0.02 0.86 0.30 0.11 
Total alkaline 
phosphatase, U/L 38.93 41.27 1.2 <0.01 0.54 <0.01 0.02 0.80 0.02 
AST/SGOT, U/L 49.62 52.53 1.2 0.22 0.02 0.28 0.14 0.01 0.01 
GGT, U/L 16.37 16.37 0.45 0.19 0.20 0.07 0.69 <0.01 0.99 
Total bilirubin, mg/dL 0.18 0.21 0.02 0.09 0.71 0.09 0.17 0.11 0.12 
CPK/CK, U/L 144.9 141.1 32 0.59 0.73 0.76 0.67 0.30 0.91 
Cholesterol, mg/dL 90.54 90.32 2.2 0.11 <0.01 0.38 0.17 0.02 0.92 
GLDH, U/L 15.09 17.41 1.4 0.03 0.09 0.23 0.13 0.02 0.07 
Bicarbonate, mmol/L 22.47 22.04 0.27 0.25 0.89 0.02 0.44 0.14 0.09 
Triglycerides, mg/dL 22.54 22.27 0.94 <0.01 0.05 <0.01 <0.01 0.02 0.76 
Anion gap 19.48 19.69 0.29 0.77 <0.01 0.22 0.52 0.47 0.42 
1Blood samples were taken on d -26 (used as a covariate in the model), -17, -14, -7, -4, and -1 to expected calving date (+/- 3 d). 
2Treatments consist of 50 g top dress mixtures of ground corn: 50 g of corn carrier (CON), 18 g of yeast fermentation product Diamond V’s original 
XPC (XPC), 19 g of yeast fermentation product Diamond V’s NutriTek (NTL), and 38 g of yeast fermentation product Diamond V’s NutriTek 
(NTH); starting at -26 d prior to expected calving 




Table 3-14. Least squares means and orthogonal treatment contrasts for blood minerals during the prepartum period1  
 Treatments2  Contrasts (P values) 
Variable 
CON 
n = 32 
XPC 
n = 23 
NTL 
n = 21 
NTH 









Ca, mg/dL 9.47 9.62 9.41 9.51 0.07 0.47 0.03 0.27 
P, mg/dL 6.14 5.96 5.77 5.75 0.16 0.03 0.25 0.91 
Na, mmol/L 142.1 142.5 142.0 142.5 0.37 0.48 0.57 0.29 
K, mmol/L 4.67 4.70 4.63 4.62 0.04 0.56 0.10 0.86 
Na:K 30.5 30.4 30.8 30.9 0.30 0.47 0.13 0.74 
Cl, mmol/L 105.2 104.6 105.0 105.4 0.32 0.45 0.06 0.33 
Mg, mg/dL 2.39 2.42 2.40 2.40 0.04 0.67 0.75 0.94 
1Blood samples were taken on d -26 (used as a covariate in the model), -17, -14, -7, -4, and -1 to expected calving date (+/- 3 d). 
2Treatments consist of 50 g top dress mixtures of ground corn: 50 g of corn carrier (CON), 18 g of yeast fermentation product Diamond V’s original 
XPC (XPC), 19 g of yeast fermentation product Diamond V’s NutriTek (NTL), and 38 g of yeast fermentation product Diamond V’s NutriTek 






















Table 3-15. Least squares means for blood minerals during the prepartum period separated by exclusion from final data set 
 Groups3       P-value 
Variable1 
Included 
n = 99 
Excluded 
n = 29 SE Treatment2 Diet Diet*Trt Group*Trt Parity Group 
Ca, mg/dL 9.53 9.46 0.07 0.96 0.01 0.17 0.10 0.79 0.32 
P, mg/dL 5.97 6.19 0.12 0.04 0.01 <0.01 0.39 0.15 0.05 
Na, mmol/L 142.2 142.3 0.35 0.35 <0.01 0.49 0.07 0.90 0.96 
K, mmol/L 4.67 4.90 0.07 0.44 0.65 0.34 0.60 0.42 0.68 
Na:K 30.55 30.68 0.25 0.53 0.49 0.64 0.21 0.79 0.61 
Cl, mmol/L 105.2 105.3 0.32 <0.01 0.99 <0.01 0.03 0.03 0.57 
Mg, mg/dL 2.39 2.34 0.03 0.64 <0.01 0.13 0.78 0.84 0.05 
1Blood samples were taken on d -26 (used as a covariate in the model), -17, -14, -7, -4, and -1 to expected calving date (+/- 3 d). 
2Treatments consist of 50 g top dress mixtures of ground corn: 50 g of corn carrier (CON), 18 g of yeast fermentation product Diamond V’s original 
XPC (XPC), 19 g of yeast fermentation product Diamond V’s NutriTek (NTL), and 38 g of yeast fermentation product Diamond V’s NutriTek 
(NTH); starting at -26 d prior to expected calving 




Table 3-16. Least squares means and orthogonal treatment contrasts for blood metabolites and enzymes at calving (d 0) 
 Treatments1  Contrasts (P values) 
Variable 
CON 
n = 32 
XPC 
n = 23 
NTL 
n = 21 
NTH 









Total protein, g/dL 5.89 6.15 6.02 6.10 0.12 0.10 0.53 0.61 
Creatinine, mg/dL 1.12 1.15 1.13 1.10 0.04 0.90 0.46 0.57 
Urea N, mg/dL 12.6 13.2 13.1 12.9 0.67 0.46 0.81 0.84 
Albumin, g/dL 3.38 3.38 3.43 3.39 0.05 0.67 0.57 0.55 
Globulin2, g/dL 2.50 2.75 2.59 2.72 0.11 0.09 0.52 0.34 
Albumin:globulin 1.38 1.27 1.37 1.28 0.06 0.21 0.38 0.24 
Glucose2, mg/dL 106 109 109 108 8.5 0.64 0.83 0.77 
Total alkaline phosphatase2, U/L 41.3 48.4 44.9 47.5 2.4 0.04 0.47 0.68 
AST/SGOT2, U/L 52.9 53.5 56.8 55.0 2.6 0.34 0.49 0.53 
GGT2, U/L 17.1 17.0 17.7 17.2 0.91 0.86 0.50 0.72 
Total bilirubin2, mg/dL 0.37 0.41 0.35 0.36 0.05 0.90 0.12 0.90 
CPK/CK2, U/L 152 156 129 278 59.7 0.34 0.91 0.61 
Cholesterol2, mg/dL 64.0 65.1 67.7 62.3 2.9 0.70 0.97 0.11 
GLDH2, U/L 16.8 14.7 17.5 14.8 2.8 0.86 0.96 0.45 
Bicarbonate2, mmol/L 21.4 21.5 20.6 22.1 0.53 0.92 0.72 0.06 
Triglycerides, mg/dL 8.8 9.1 8.8 8.4 1.2 0.98 0.72 0.80 
Anion gap 20.3 20.8 19.8 19.8 0.29 0.83 0.19 0.92 
1Treatments consist of 50 g top dress mixtures of ground corn: 50 g of corn carrier (CON), 18 g of yeast fermentation product Diamond V’s original 
XPC (XPC), 19 g of yeast fermentation product Diamond V’s NutriTek (NTL), and 38 g of yeast fermentation product Diamond V’s NutriTek 
(NTH); starting at -26 d prior to expected calving 










Table 3-17. Least squares means for blood metabolites and enzymes at the time of calving separated by exclusion from final data set 
 Groups3       P-value 
Variable1 
Included 
n = 99 
Excluded 
n = 29 SE Treatment2 Diet Diet*Trt Group*Trt Parity Group 
Total protein, g/dL 6.05 5.96 0.14 0.09 0.13 0.02 0.45 <0.01 0.55 
Creatinine, mg/dL 1.12 1.14 0.05 0.66 0.04 0.95 0.20 0.43 0.67 
Urea N, mg/dL 12.89 13.89 0.81 0.99 0.55 0.77 0.96 0.47 0.23 
Albumin, g/dL 3.39 3.38 0.06 0.44 0.89 0.68 0.49 0.13 0.77 
Globulin, g/dL 2.65 2.60 0.13 0.05 0.13 0.05 0.56 0.01 0.74 
Albumin:globulin 1.32 1.38 0.06 0.06 0.22 0.34 0.42 0.14 0.41 
Glucose, mg/dL 109.5 87.62 9.2 0.50 0.47 0.77 0.58 0.50 0.02 
Total alkaline 
phosphatase, U/L 46.03 49.65 2.9 0.01 0.23 0.15 0.25 0.03 0.22 
AST/SGOT, U/L 54.13 55.79 3.4 0.72 0.05 0.79 0.49 0.43 0.64 
GGT, U/L 17.13 16.87 1.1 0.47 0.03 0.96 0.18 0.11 0.82 
Total bilirubin, mg/dL 0.37 0.49 0.05 0.46 0.53 0.44 0.76 <0.01 0.03 
CPK/CK, U/L 163.7 165.6 69 0.41 0.84 0.37 0.97 0.34 0.98 
Cholesterol, mg/dL 64.83 69.53 3.3 0.48 0.13 0.20 0.88 0.07 0.17 
GLDH, U/L 15.08 14.84 3.2 0.94 0.54 0.53 0.26 0.37 0.94 
Bicarbonate, mmol/L 21.37 21.69 0.59 0.17 0.15 0.37 0.69 0.11 0.62 
Triglycerides, mg/dL 8.88 9.91 1.4 0.89 0.22 0.60 0.93 0.94 0.47 
Anion gap 20.21 20.71 0.78 0.09 0.49 0.32 0.80 0.32 0.53 
1Blood samples were taken on d -26 (used as a covariate in the model) and within 1 h after calving (+/- 1h). 
2Treatments consist of 50 g top dress mixtures of ground corn: 50 g of corn carrier (CON), 18 g of yeast fermentation product Diamond V’s original 
XPC (XPC), 19 g of yeast fermentation product Diamond V’s NutriTek (NTL), and 38 g of yeast fermentation product Diamond V’s NutriTek 
(NTH); starting at -26 d prior to expected calving 











Table 3-18. Least squares means and orthogonal treatment contrasts for blood minerals at calving (d 0) 
 Treatments2  Contrasts (P values) 
Variable 
CON 
n = 32 
XPC 
n = 23 
NTL 
n = 21 
NTH 









Ca, mg/dL 7.38 7.46 7.41 7.65 0.23 0.53 0.74 0.41 
P, mg/dL 3.36 3.78 3.30 3.34 0.30 0.68 0.17 0.94 
Na, mmol/L 143.8 143.8 143.4 143.2 0.85 0.70 0.61 0.91 
K, mmol/L 4.51 4.69 4.48 4.50 0.10 0.63 0.07 0.88 
Na:K 32.0 30.8 32.2 31.9 0.65 0.62 0.09 0.75 
Cl, mmol/L 107.0 106.2 107.4 106.6 0.84 0.79 0.36 0.49 
Mg, mg/dL 2.51 2.56 2.47 2.57 0.08 0.65 0.62 0.32 
1Treatments consist of 50 g top dress mixtures of ground corn: 50 g of corn carrier (CON), 18 g of yeast fermentation product Diamond V’s original 
XPC (XPC), 19 g of yeast fermentation product Diamond V’s NutriTek (NTL), and 38 g of yeast fermentation product Diamond V’s NutriTek 
























Table 3-19. Least squares means for blood metabolites and enzymes at the time of calving separated by exclusion from final data set 
 Groups3       P-value 
Variable1 
Included 
n = 99 
Excluded 
n = 29 SE Treatment2 Diet Diet*Trt Group*Trt Parity Group 
Ca, mg/dL 7.61 7.57 0.26 0.46 0.40 0.68 0.43 <0.01 0.89 
P, mg/dL 3.59 4.04 0.34 0.44 0.33 0.19 0.77 0.11 0.23 
Na, mmol/L 144.0 143.0 0.84 0.56 0.06 0.31 0.37 0.03 0.24 
K, mmol/L 4.55 4.37 0.10 0.74 0.23 0.51 0.04 0.05 0.12 
Na:K 31.90 32.78 0.71 0.73 0.12 0.39 0.04 0.09 0.25 
Cl, mmol/L 107.0 105.5 0.88 0.14 0.02 0.70 0.66 0.83 0.13 
Mg, mg/dL 2.50 2.40 0.08 0.51 0.66 0.12 0.31 0.58 0.27 
1Blood samples were taken on d -26 (used as a covariate in the model) and within 1 h after calving (+/- 1h). 
2Treatments consist of 50 g top dress mixtures of ground corn: 50 g of corn carrier (CON), 18 g of yeast fermentation product Diamond V’s original 
XPC (XPC), 19 g of yeast fermentation product Diamond V’s NutriTek (NTL), and 38 g of yeast fermentation product Diamond V’s NutriTek 
(NTH); starting at -26 d prior to expected calving 





Table 3-20. Least squares means and orthogonal treatment contrasts for blood metabolites and enzymes1 during the postpartum 
period 




n = 32 
XPC 
n = 23 
NTL 
n = 21 
NTH 









Total protein, g/dL 6.35 6.54 6.35 6.56 0.05 <0.01 0.13 <0.01 
Creatinine, mg/dL 0.91 0.95 0.94 0.92 0.01 <0.01 0.27 0.41 
Urea N, mg/dL 12.9 14.4 13.7 13.6 0.35 <0.01 0.04 0.68 
Albumin, g/dL 3.26 3.27 3.23 3.24 0.04 0.68 0.32 0.86 
Globulin3, g/dL 3.10 3.27 3.12 3.32 0.05 <0.01 0.15 <0.01 
Albumin:globulin 1.09 1.03 1.11 1.03 0.02 0.06 0.06 <0.01 
Glucose3, mg/dL 55.3 55.7 53.4 56.4 1.0 0.96 0.24 <0.01 
Total alkaline phosphatase3, U/L 34.3 38.7 36.4 38.8 1.4 <0.01 0.09 0.05 
AST/SGOT3, U/L 81.9 78.8 91.0 79.5 2.8 0.88 0.01 <0.01 
GGT3, U/L 19.3 19.6 23.3 19.1 1.2 0.79 0.12 <0.01 
Total bilirubin3, mg/dL 0.40 0.42 0.43 0.39 0.03 0.65 0.72 0.09 
CPK/CK3, U/L 192 213 237 141 25.5 0.63 0.23 <0.01 
Cholesterol3, mg/dL 91.4 87.7 91.4 88.8 2.7 0.17 0.42 0.19 
GLDH3, U/L 34.6 31.0 42.9 32.9 4.7 0.24 0.68 <0.01 
Bicarbonate3, mmol/L 23.8 24.2 24.0 24.1 0.26 0.05 0.56 0.83 
Triglycerides, mg/dL 7.28 7.09 6.92 7.21 0.31 0.43 0.93 0.44 
Anion gap 21.3 21.6 21.4 21.4 0.31 0.36 0.54 0.80 
Glutathione peroxidase, mU/mL  5.2 4.7 4.4 4.5 0.41 0.08 0.62 0.88 
BHB3,4, mmol/L 1.83 1.51 1.79 1.63 0.19 0.15 0.20 0.57 
1Blood samples were taken on d 1, 3, 5, 7, 10, 14, 17, and 21. 
2Treatments consist of 50 g top dress mixtures of ground corn: 50 g of corn carrier (CON), 18 g of yeast fermentation product Diamond V’s original 
XPC (XPC), 19 g of yeast fermentation product Diamond V’s NutriTek (NTL), and 38 g of yeast fermentation product Diamond V’s NutriTek 
(NTH); starting at -26 d prior to expected calving 
3Data were log transformed for statistical analysis; LS means described in non-transformed values. 







Table 3-21. Least squares means and orthogonal treatment contrasts for blood minerals during the postpartum period1 




n = 32 
XPC 
n = 23 
NTL 
n = 21 
NTH 









Ca, mg/dL 8.83 8.74 8.72 8.77 0.13 0.44 0.96 0.80 
P, mg/dL 5.21 5.14 5.15 5.16 0.21 0.77 0.97 0.98 
Na, mmol/L 141.7 141.4 141.6 141.6 0.35 0.66 0.56 0.93 
K, mmol/L 4.39 4.40 4.40 4.35 0.05 0.88 0.62 0.46 
Na:K 32.5 32.3 32.5 32.7 0.38 0.91 0.49 0.63 
Cl, mmol/L 101.0 100.2 100.4 100.5 0.36 0.08 0.59 0.80 
Mg, mg/dL 2.18 2.20 2.20 2.28 0.05 0.30 0.55 0.22 
1Blood samples were taken on d 1, 3, 5, 7, 10, 14, 17, and 21. 
2Treatments consist of 50 g top dress mixtures of ground corn: 50 g of corn carrier (CON), 18 g of yeast fermentation product Diamond V’s original 
XPC (XPC), 19 g of yeast fermentation product Diamond V’s NutriTek (NTL), and 38 g of yeast fermentation product Diamond V’s NutriTek 




Table 3-22. Frequency of cortisol values below or above the detectable threshold (27.6 
nmmol/L) and mean values of above-threshold samples by day relative to calving for cows that 





CON (n=32) XPC (n = 23) NTL (n = 21) NTH (n = 24) 




















































































































































































































































1Treatments consist of 50 g top dress mixtures of ground corn: 50 g of corn carrier (CON), 18 g of yeast 
fermentation product Diamond V’s original XPC (XPC), 19 g of yeast fermentation product Diamond 
V’s NutriTek (NTL), and 38 g of yeast fermentation product Diamond V’s NutriTek (NTH); starting at -
26 d prior to expected calving  
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Table 3-23. Frequency of cortisol values below or above the detectable threshold (27.6 nmol/L) 





CON (n=33) XPC (n = 34) NTL (n = 29) NTH (n = 33) 




















































































































































































































































1Treatments consist of 50 g top dress mixtures of ground corn: 50 g of corn carrier (CON), 18 g of yeast 
fermentation product Diamond V’s original XPC (XPC), 19 g of yeast fermentation product Diamond 
V’s NutriTek (NTL), and 38 g of yeast fermentation product Diamond V’s NutriTek (NTH); starting at -
26 d prior to expected calving
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Table 3-24. Frequency of health disorders, by treatment, for cows that remained in the final 
data set.  
 Treatment1 
Variable CON XPC NTL NTH 





























































































































1Treatments consist of 50 g top dress mixtures of ground corn: 50 g of corn carrier (CON), 18 g 
of yeast fermentation product Diamond V’s original XPC (XPC), 19 g of yeast fermentation 
product Diamond V’s NutriTek (NTL), and 38 g of yeast fermentation product Diamond V’s 
NutriTek (NTH); starting at -26 d prior to expected calving 
2Subclinical ketosis determined by BHB > 1 mmol/L at 5 or 14 DIM using Precision Xtra ketone 
strips. 
3Subclinical or clinical ketosis determined by at least one positive urine ketone test by farm staff. 











Table 3-25. Frequency of health disorders, by treatment, for all cows that calved (included and 
excluded).  
 Treatment1 
Variable CON XPC NTL NTH 





























































































































1Treatments consist of 50 g top dress mixtures of ground corn: 50 g of corn carrier (CON), 18 g 
of yeast fermentation product Diamond V’s original XPC (XPC), 19 g of yeast fermentation 
product Diamond V’s NutriTek (NTL), and 38 g of yeast fermentation product Diamond V’s 
NutriTek (NTH); starting at -26 d prior to expected calving 
2Subclinical ketosis determined by BHB > 1 mmol/L at 5 or 14 DIM using Precision Xtra ketone 
strips. 
3Subclinical or clinical ketosis determined by at least one positive urine ketone test by farm staff. 
4Subclinical hypocalcemia defined as blood total Ca <8.5 mg/dL on day of calving. 
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Table 3-26. Disease odds ratios, by treatment, for cows that remained in the final data set.  
Odds ratios and 95% confidence interval determined for cows diagnosed and treated at any time 
between calving and 73 DIM. 
Variable Contrast1 Coefficient SEM 
Odds 
ratio2 95% CI P 
Subclinical 
ketosis3 
Con vs XPC 0.424 0.555 1.528 0.52 – 4.53 0.44 
Con vs NTL 0.025 0.579 1.026 0.33 – 3.19 0.97 
 Con vs NTH 0.511 0.548 1.667 0.57 – 4.88 0.35 
 XPC vs NTL -0.399 0.613 0.671 0.20 – 2.23 0.52 
 NTH vs NTL 0.486 0.607 1.625 0.49 – 5.34 0.42 
Ketosis4 Con vs XPC -0.642 0.554 0.526 0.18 – 1.56 0.25 
 Con vs NTL -0.092 0.569 0.912 0.30 – 2.78 0.87 
 Con vs NTH -0.380 0.544 0.684 0.24 – 1.99 0.49 
 XPC vs NTL 0.550 0.609 1.733 0.53 – 5.72 0.37 
 NTH vs NTL -0.288 0.601 0.750 0.23 – 2.44 0.63 
Mastitis Con vs XPC -0.357 1.040 0.700 0.09 – 5.37 0.73 
 Con vs NTL -0.916 0.960 0.400 0.06 – 2.63 0.34 
 Con vs NTH -1.099 0.913 0.333 0.06 – 1.99 0.23 
 XPC vs NTL -0.560 0.968 0.571 0.09 – 3.81 0.56 
 NTH vs NTL -0.182 0.830 0.833 0.16 – 4.24 0.83 
Metritis Con vs XPC 0.249 0.567 1.283 0.42 – 3.90 0.66 
 Con vs NTL 1.067 0.662 2.908 0.79 – 10.65 0.11 
 Con vs NTH 0.956 0.618 2.600 0.77 – 8.73 0.12 
 XPC vs NTL 0.818 0.708 2.267 0.57 – 9.07 0.25 
 NTH vs NTL -0.112 0.749 0.894 0.21 – 3.88 0.88 
Retained 
placenta 
Con vs XPC -0.406 0.702 0.667 0.17 – 2.64 0.56 
Con vs NTL 1.309 1.135 3.704 0.40 – 34.22 0.25 
 Con vs NTH -0.077 0.733 0.926 0.22 – 3.89 0.92 
 XPC vs NTL 1.715 1.143 5.556 0.59 – 52.16 0.13 
 NTH vs NTL -1.386 1.162 0.250 0.03 – 2.44 0.23 
Displaced 
abomasum 
Con vs XPC -0.811 0.957 0.444 0.07 – 2.90 0.40 
Con vs NTL -0.457 1.042 0.633 0.08 – 4.88 0.66 
 Con vs NTH - - - - - 
 XPC vs NTL 0.354 0.968 1.425 0.21 – 9.49 0.71 
 NTH vs NTL - - - - - 
1Treatments consist of 50 g top dress mixtures of ground corn: 50 g of corn carrier (CON), 18 g 
of yeast fermentation product Diamond V’s original XPC (XPC), 19 g of yeast fermentation 
product Diamond V’s NutriTek (NTL), and 38 g of yeast fermentation product Diamond V’s 
NutriTek (NTH); starting at -26 d prior to expected calving 
2Exponentiated contrast values of binary dataset. 
3Subclinical ketosis determined by BHB > 1 mmol/L at 5 or 14 DIM using Precision Xtra ketone 
strips. 






Figure 3-1.  Least squares means for milk yield of cows supplemented pre- (starting at -26 d to expected calving date) and postpartum 
with corn carrier (CON; 50 g), yeast fermentation product Diamond V’s original XPC (XPC; 18 g of XPC and 32 g of corn), low 
inclusion of yeast fermentation product Diamond V’s NutriTek (NTL; 19 g of NutriTek and 31 g of corn), or high inclusion of yeast 
fermentation product Diamond V’s NutriTek (NTH; 38 g of NutriTek and 12 g of corn).  Supplements were provided as a top-dress 
daily at a dose of 50 g per cow, consisting of a mixture of ground corn and yeast product. Treatment by week, P = 0.26 for calving 
























Figure 3-2. Least squares means for BW of cows supplemented pre- (starting at -26 d to expected calving date) and postpartum with 
corn carrier (CON; 50 g), yeast fermentation product Diamond V’s original XPC (XPC; 18 g of XPC and 32 g of corn), low inclusion 
of yeast fermentation product Diamond V’s NutriTek (NTL; 19 g of NutriTek and 31 g of corn), or high inclusion of yeast 
fermentation product Diamond V’s NutriTek (NTH; 38 g of NutriTek and 12 g of corn).  Supplements were provided as a top-dress 
daily at a dose of 50 g per cow, consisting of a mixture of ground corn and yeast product. Data were analyzed separately for prepartum 
and postpartum periods. Treatment by week, P = 0.77 for the prepartum period (-3 wks to calving); P = 0.14 for calving through wk 4, 
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Chapter 4: Transition Cow Nutrition: Effects of Acidogenic Dry Cow Diet Strategies on 
Blood Metabolites, Production and Composition, and Health 
INTRODUCTION 
The transition period is arguably the most challenging time of a cow’s production cycle.  
Metabolic calcium (Ca) normally is kept within a narrow range, tightly regulated by the 
parathyroid hormone (PTH) to maintain a plasma Ca concentration of 9 to 10 mg/dL (Goff and 
Horst, 1997).  At the end of gestation, a dairy cow requires only enough Ca for maintenance, late 
stage fetal growth, and expected fecal loss, totaling approximately 20 to 32 g/d.  However, at the 
onset of lactation, that requirement can double as 30 to 50 g/d of Ca is secreted in milk (Horst et 
al., 2005).  Any delay in endocrine signaling to replenish circulating Ca stores and increase 
dietary Ca absorption can result in detrimental effects on production and health of early 
postpartum dairy cows.   
Changing the diet directly after calving is a common practice on most dairies to meet the 
new production requirements of cows entering the milking herd.  However, this abrupt change in 
diet necessitates ruminal and metabolic adaptations in the cow, which may result in reduced 
intake within the first 24 to 48 h after calving (Kehoe et al., 2007).  A delay in Ca intake, when 
blood Ca concentrations are already depleted, can further increase the risk of developing 
hypocalcemia.  Clinical hypocalcemia is commonly defined as blood total Ca concentrations 
below 5.5 mg/dL and subclinical hypocalcemia (SCH) below 8.0 mg/dL (Mulligan et al., 2006; 
Ramos-Nieves et al., 2009).  Clinical hypocalcemia, also known as milk fever, can lead to death 
if not treated immediately.  However, SCH also can have detrimental effects and is linked to 
other disorders, such as ketosis, mastitis, metritis, displaced abomasum (DA), and retained 
placentas (RP) (Chamberlin et al., 2013; Chapinal et al., 2012; Mulligan and Doherty, 2008). 
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Prepartum mineral manipulation through limiting dietary Ca, supplementing anionic salts 
to create a negative DCAD, or a combination of both can be used to prime the Ca recovery 
systems prior to calving (Goff et al., 2014).  However, the historically successful technique of 
limiting prepartum dietary Ca may be difficult to implement due to the high cation-containing 
forages found in common US diets and the limited effect on the PTH pathway (Liesgang et al., 
2007; Goff and Koszewski, 2018).  Inversely, a past meta-analysis cautioned against dietary Ca 
at 1.16% of DM as it increased the risk of milk fever (Oetzel, 1991).  Therefore, the formulation 
range of a negative DCAD prepartum diet and amount of dietary Ca for an optimal response 
continue to be debated (Chan et al., 2006; Charbonneau et al., 2006; Kronqvist et al., 2011; 
Oetzel, 2000; Weich et al., 2013).   
A review of prepartum DCAD ranges discouraged acidogenic diets that caused urine pH 
to be less than 6.5, primarly due to a negative linear relationship between DCAD and DMI 
(Charbonneau et al., 2006).  However, a more recent study targeting urine pH between 5.5 and 
6.0, presented a theory of a possible fundamental change in Ca homeostasis regulation based on 
the reported results of markedly increased prepartum urinary Ca excretion without the previously 
predicted reduction in DMI (Leno et al., 2017).  Through this mechanism, there may be an 
opportunity of providing additional dietary Ca without interfering with PTH stimulation in close-
up dry cows (Lean et al., 2013). 
The objective of this study was to evaluate three different dry cow DCAD strategies to 
reduce postpartum hypocalcemia and improve production and metabolic status. Dietary 
strategies were: 1) a positive DCAD diet (urine pH > 8.0) with low dietary Ca (0.40% of DM; 
CON); 2) a negative DCAD diet (urine pH 5.5 to 6.0) with low dietary Ca (0.40% of DM; 
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LOW); or 3) a negative DCAD diet (urine pH 5.5 to 6.0) with high dietary Ca (2.0% of DM; 
HIGH). 
MATERIALS AND METHODS 
Cow Enrollment 
Eighty-one multiparous Holstein cows were provided by the University of Illinois 
Lincoln Avenue Dairy facility in Urbana-Champaign, Illinois, USA.  All procedures involving 
animals were conducted in accordance with the University of Illinois Institutional Animal Care 
and Use Committee (IACUC protocol 16115). 
Cows were enrolled during the far-off dry period, 50 days prior to their expected calving 
date, and remained on trial until 73 days postpartum.  Cows were not enrolled if they were first 
calf heifers or were diagnosed with twins.  These exclusions were based on the difference in 
nutritional requirements needed for still-growing heifers and cows carrying multiple calves.  
Treatments began -28 days prior to the expected calving date.  Cows were dropped from the trial 
in the pre- period if they calved less than 14 days after beginning treatment or if they produced 
undiagnosed twins.  After the conclusion of the trial, health records for every cow were 
evaluated along with DMI and milk production without regard to dietary treatment to determine 
if a persistent health challenge in the fresh period prevented the cow from recovering after being 
medically treated.  The excluded cows are shown by treatment in Table 4-1.   
Treatments   
Cows were grouped for treatment assignment based on parity, with cows entering into 
their second gestation in one group and cows entering into their third or greater lactation in 
another group.  Cows then were blocked based on expected calving date, with all treatments 
represented in each block of three cows within the previously described groups.  The treatments 
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were further balanced based on previous milk production and the initial prepartum Body 
condition score (BCS).  Previous milk production was obtained from PC Dart® reports of the 
past 305-d milk production and classified as high if it was above 11,365 kg.  Body condition 
score was assigned at the beginning of the far-off period and was classified as high if above 3.5 
on 5-point dairy scoring scale (Edmondson et al., 1989).  Treatments were balanced to be equally 
represented in high and low milk producers, as well as in low and high BCS, as shown in Table 
4-2. 
Three treatment diets were provided as complete TMR (Table 4-3).  The base forage 
portion of the diet was kept consistent among diets throughout the trial and the added concentrate 
was adjusted to obtain the target DCAD1 value as   
𝐷𝐶𝐴𝐷1 = (𝑁𝑎 +  𝐾 ) − (𝐶𝑙 + 𝑆 ) 
The CON diet, fed to all far-off cows and control treatment close-up cows, included corn 
silage, wheat straw, soy hulls, corn gluten feed, and the control concentrate with a slightly 
positive DCAD.  Wheat middlings and clay were used to maintain ingredients at the same 
proportion of DM as the other two treatments.  The CON diet was formulated to provide a 
limited calcium supply of < 50 g/cow daily.  The second diet, LOW, included the addition of an 
anionic salt mixture (Animate®, Phibro Animal Health)  in place of wheat middlings in CON, to 
target a negative DCAD1 of approximately -10 mEq/100 g DM to maintain urine pH within the 
range of 5.5 to 6.0 and averaging 5.8.  Calcium was still limited to < 50 g/cow daily.  The third 
diet, HIGH, included the addition of calcium carbonate, in place of the clay filler in CON, to 
provide > 180 g/cow daily, with the same target negative DCAD1 and urine pH as in LOW. 
156 
 
Facilities and Management 
At least five days prior to enrollment, cows were moved from dry lots to an enclosed pole 
barn equipped with sand-bedded free stalls separated into four pens housing ten cows each.  
Large bay doors were open on the east and west ends with optional doors opening to the north 
for warm weather air circulation.  Two fans were positioned over the stalls in each pen and an 
automated ventilation system opened on the south wall.  Automated waterers were located on the 
north side in each pen.  The free stall pens shared the waterer with two isolation pens bedded 
with straw that served as maternity pens for calving.  Cows were moved into the maternity pens 
once visual signs of calving were detected.  On the south side of each pen, 10 Calen® feed gates 
were used to measure individual intakes of the cows housed in the barn.  The individual gates 
matched corresponding key balls that were hung on each cow’s neck for access to separate 
feeding bunks.  
Once cows calved, they were moved to an enclosed brick barn equipped with tie stalls 
bedded with sand over rubber mats, which could house a maximum of 40 cows.  The barn had 
doors that opened to the north and south with windows placed every five stalls that opened 
during warm weather for air circulation.  Fans were also installed every five stalls directed at the 
front of the stalls.  Automatic pressure regulated water bowls were placed between every two 
stalls and concrete feed bunks were divided by sealed plywood boards to allow for individual 
feed intake.  Yoke bars were installed at the head of each stall to prevent cows from walking 
through the bunks to the feed alley. 
At the end of the early postpartum (fresh) period at 32 days in milk (DIM), the cows 
were moved to a concrete lot with sand bedded freestalls until the end of the trial at 73 DIM.  
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Freestalls were located under the cover of pole barns with open sides and groups were fed at the 
perimeter of the lots through headlocks.  
Cows were milked three times daily at 0600 h, 1400 h, and 2100 h.  The double-12 
parallel, rapid release parlor was enclosed, as was the concrete floored holding area, which was 
equipped with an electronic push-up gate.    
Feeding Protocol  
Cows were fed once daily.  The lactation TMR was mixed at 0500 h with a Knight® 
vertical auger mixer wagon.  Far-off and close-up TMR were mixed at 0500 h with a Keenan® 
horizontal mixer wagon driven by a John Deere® tractor.  Both diets included a base of corn 
silage, soy hulls, corn gluten feed, and chopped wheat straw. Each diet had a separate formulated 
grain mixture, which was added separately in a Data Ranger mixer.  Water was supplemented to 
the diets to maintain the DM at less than 45% for the lactation diet and < 50% for the dry cow 
diet.  Diet DM was evaluated weekly and feed samples were taken monthly to adjust the ration 
formulation.  
The dry cow TMR was mixed at 1200 rpm for 2 min in the Keenan ® mixer wagon.   
The lactation TMR was transported by conveyor into a Jaylor® mixer and feeder for distribution 
of the feed inside of the barn.  The far-off and close up TMR were transported by conveyor into a 
Data Ranger mixer and feeder for distribution.  The concentrates for the different treatments 
were added to the base diet in the Data Ranger and mixed for 2 minute, the feed was manually 
checked, and then an additional 1 minute before feeding.  Treatment diets were always mixed 
and fed in the order of CON, LOW, and then HIGH, to prevent contamination of Animate in the 
CON diet and then Ca in either the CON or LOW diets.  Between diets, 20 to 40 kg of the base 
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mix was then mixed in the Data Ranger and discarded to provide a “cleaning” cycle for the 
mixer.  No other diet was mixed in the Keenan mixer for the duration of this research trial. 
As cows were enrolled, feed allocations started at 34 kg (as fed) of the close-up TMR and 
adjusted daily based on measured orts.  Once a cow calved, feed was started at 45.5 kg of the 
lactation TMR and adjusted daily based on measured orts.  For the first seven days of the fresh 
period, cows were also given 2.3 kg of free choice alfalfa hay.  Cows were fed based on the 
desire to have 10 to 20% orts.  For a close-up cow, changes in feed were determined as follows: 
less than 2.3 kg orts, increase feed by 2.3 kg; between 2.3 and 4.5 kg orts, feed the same as the 
day before; between 4.5 and 6.8 kg orts, decrease feed by 2.3 kg; greater than 6.8 kg, decrease 
feed by 4.5 kg.  For a lactation cow, changes in feed were determined as follows: less than 4.5 kg 
orts, increase feed by 9.1 kg; between 4.5 and 9.1 kg orts, increase feed by 4.5 kg; between 9.1 
and 13.6 kg, feed the same as the day before; between 13.6 and 18.2 kg, decrease feed by 4.5 kg; 
greater than 18.2 kg, decrease feed by 9.1 kg. 
Sample Collection  
Daily measurements 
Milk weights were recorded at each milking using the Dairy Plan® software and uploaded 
to PC Dart®.  From there, the data were sorted by day and visually checked for abnormalities as a 
diagnosis tool for both the equipment and cows.  
Intake was determined daily by taking the weight of feed given and subtracting the 
weight of the orts collected the next day for each cow during both gestation and lactation.   
Weekly samples  
Samples of the TMR, refusals, and each ingredient were obtained weekly.  All samples 
were dried in a forced air oven at 110 ºC for 24 h to determine DM percentages.  Ingredient DM 
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were used to update the Keenan mixer weekly and TMR DM were used to calculate the DMI 
from the intake values calculated daily.  Additional samples were taken weekly and composited 
by month for further analysis.  Separate TMR and refusal samples were taken weekly to measure 
particle size in a four level Penn State box. 
All cows were weighed weekly on a standing scale attached to each barn.  At this time, 
cows were assigned a BCS by two independent observers, then scores were averaged.  Milk 
samples were collected once weekly from three consecutive milkings.  Samples were composited 
to represent milk production at different milkings based on recorded milk yields.  A preservative 
was added (800 Broad Spectrum Microtabs II, D&F control systems, Inc., San Ramon, CA) to 
each sample for shipping to Dairy Lab Services, Inc. (Dubuque, IA).  Samples were analyzed for 
fat percentage, true protein percentage, somatic cell count, lactose percentage, other solids, total 
solids, and urea nitrogen.  An additional composited sample was frozen from the sampled 
milkings.  
Cow specific samples  
After starting the treatment diets, all close-up cows were sampled for urine 3x weekly.  
Urine also was collected daily at -27, -26, -25, and -24 days, after starting treatment on d -28.  
These samples were used to monitor the cows’ adjustment to the treatment diet through the 
change in urine pH.  Urine samples were tested immediately for pH to determine if ration 
adjustments were needed to maintain desired pH range. Urine samples were subsequently frozen 
at -20°C.  The samples closest to d -21, -14, -7, 24 h, 48 h, and 7 d relative to actual calving were 
used for further analysis.  Urine was analyzed for creatinine, Ca, Mg, Cl, K, and Na at the 
University of Illinois Veterinary Diagnostic Laboratory (Urbana, IL).  Urine output was then 
calculated through the creatinine measurements to estimate total daily excretion of minerals, 
160 
 
using Blood samples were obtained from the coccygeal vein at approximately 0600 to 0700 h, 
before the morning feeding.  Two 10-mL blood tubes, one containing a clot activator for serum 
collection and one containing EDTA for plasma collection, were obtained at d -30 as the pre-
treatment sample.  Samples were taken 3x weekly on alternate days and daily starting at -8 d 
prior to calving for retroactive selection.  Directly after calving, within 1 h, a blood was taken 
and classified as d 0.  Samples then were obtained at 24 and 48 h after calving (± 2 h), and then 
on days 4, 7, 14, 21, and 28.  Blood samples from d -30, -21, -14, -10, -7, -4, -2, -1, 0, 24 h, 48 h, 
4, 7, 14, 21, and 28 relative to actual calving were analyzed for concentration of non-esterified 
fatty acid (NEFA) using a colorimetric enzymatic assay (NEFA-C kit; Wako Diagnostics Inc., 
Richmond, VA).  Blood samples from days 0, 1, 2, 4, 7, 14, 21, and 28 were analyzed for 
concentration of beta-hydroxybutyrate (BHB) at the University of Illinois Veterinary Diagnostic 
Laboratory (Urbana, IL).  Selected blood samples from days -30, -21, -14, -10, -7, -4, -2, -1, 0, 
24 h, 48 h, 4, 7, 14, 21, and 28, were analyzed for creatinine, urea nitrogen,  total protein, 
albumin, globulin, Ca, P, Na, K, Cl, Mg, glucose, alkaline phosphatase, total bilirubin, CPK, 
cholesterol, GLDH, bicarbonate, triglycerides, and anion gap by automated methods at the 
University of Illinois Veterinary Diagnostic Lab Services (Urbana, IL).   
At calving, colostrum was collected, sampled, and measured on site for IgG content by 
refractometer before being fed to the cow’s calf.  The cow and calf were weighed on the day of 
calving and time of colostrum collection and calving ease were recorded.  Colostrum samples, 
defined as the cow’s first milk, were collected and frozen at -20°C.  Immunoglobulin G 
concentrations were determined by Prairie Diagnostic (Saskatoon, Canada).  
A 10-mL blood tube containing lithium heparin for whole blood was collected at calving, 
24 and 48 h after calving, and d 4 to test blood ionized Ca (iCa), Na, K, and glucose using a 
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portable iSTAT device with CG8+ cartridges (Abbott, Princeton, NJ).  These cartridges also 
determined other electrolytes, hematology, and blood gas measurements. 
All fresh cows were monitored daily for the first 10 days post-calving for temperature, 
attitude, and fecal scores.  Disorder incidences and all medical treatments were recorded.  The 
adverse health event score was calculated using weighted numerical values according to 
economic impact, based on the study by Nace et al. (2014), to account for the severity and the 
multitude of health events experienced by each cow.   
Fat-corrected milk (3.5%) yield was calculated as follows: 3.5% FCM = [(0.515*milk 
weight kg/d) + (13.86*fat weight kg/d)] (Bethard, 2012).  Energy-corrected milk (3.5%) yield 
was calculated as follows: 3.5% ECM = [(0.327*milk weight kg/d) + (12.95*fat weight kg/d) + 
(7.65*protein weight kg/d)] (Orth, 1992).  Feed samples were sent to Dairy One Forage Labs 
(Ithaca, NY) for a complete (Model Profile) analysis by wet chemistry techniques.  
Statistical analysis 
Production, urine, blood metabolite, and mineral variables were tested in a mixed model 
using SAS 9.4.  Residuals were calculated in Proc Regression of each variable by treatment.  The 
residuals were then tested for homoscedasticity and normality using Proc Univariate and the 
variable was log transformed, as needed, for the residuals to meet these conditions.  The model 
was Y = β0 + β1Treatment + β2SampleDate + β3Teatment*SampleDate + Σ123 
A Proc Mixed model were created separately for production, urine, blood metabolite, and 
mineral data sets for the purpose of including significant covariates.  The model subject was 
cow, with week or sample day used as a repeated measure, treatment as a fixed effect, and block 
as a random effect.  Covariates of parity group, previous milk production (ranking within herd), 
and initial BCS (over or under a score of 3.5) were added and removed from each model based 
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on significance (P > 0.10).  The initial pretreatment sample was used as a covariate where 
applicable.  In the blood data sets, day 0 was analyzed separately and the repeated statement was 
removed from the model.  Production data were analyzed as weekly averages to reduce daily 
fluctuations due to environmental impacts.  A median function was added to the final data of 
BCS and BW to reduce errors from the scales and weekly subjective bias of BCS.  Health 
incidences were analyzed using Proc Freq by treatment, as well as an odds ratio comparison to 
determine the 95% confidence interval and P-value by the pre-planned contrast statement 
comparisons.  Binomial health data were analyzed using Proc Logit.   
Preplanned orthogonal contrast statements were constructed to compare 1) the low Ca 
CON treatment with treatments where physiological requirement of Ca were increased by a 
negative DCAD  [CON vs (LOW and HIGH)], and then 2) to compare dietary Ca effect when 
used with an acidogenic dry cow diets (LOW vs HIGH). Significance was declared at P ≤ 0.05 
and trends were discussed at 0.05 < P ≤ 0.10. 
RESULTS AND DISCUSSION 
Prepartum diets with dietary Ca above 0.40% of DM are still considered a low-Ca 
preventative diet to reduce the risk of clinical hypocalcemia (Goff and Koszewski, 2018).  
However, Liesgang et al. (2007) reported that a prepartum h dietary Ca at 0.40% of DM was 
unable to trigger the Ca homeostasis processes.  Inversely, a past meta-analysis cautioned against 
dietary Ca near 1.16% of DM, which was determined to be the greatest risk of milk fever 
(Oetzel, 1991).  Our study aimed to clarify some of these discrepancies, and we used postpartum 
blood calcium concentrations to determine the effectiveness of the prepartum dietary treatments.   
Table 4-4 shows the chemical profile of the three treatment diets, as well as the lactation 
diet.  The base diet was kept physically consistent, as seen by the particle size of 4.4 mm 
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calculated using the weekly Penn State particle separation percentages by layer (Table 4-5).  
Dietary Ca was kept consistently at 0.4% of DM throughout the trial for CON and LOW diets, 
which supplied the cows with, on average, less than 50 g/d of dietary Ca (Table 4-6).  For 
treatment HIGH, dietary Ca was increased to approximately 2.0% of DM to supply treated cows 
with >180 g/d of dietary Ca.  The DCAD for the CON treatment showed a neutral to slightly 
positive mineral balance of 6 mEq/100 g DMI (Table 4-4).  When the anionic salt supplement 
was added at approximately 0.50 kg/d, the DCAD changed to an average of -24 mEq/100 g DM.   
Prepartum Production 
Production data collected in the prepartum period included DMI and physical 
measurements of BW and BCS.  Table 4-7, reporting the far-off period of -7 and -6 week prior to 
calving, showed a tendency toward greater BCS in cows given CON (P = 0.07).  This was an 
unexpected result since the treatment blocks were balanced using BCS before they were assigned 
to a treatment.  However, since the balancing was done by assigning a category of over- or 
under-conditioning based on the cut-off of 3.5 according to the dairy scoring scale of 0 to 5, this 
difference likely was a result of random variation within the range of 3.5 to 5 of the over-
conditioned cows randomly assigned to treatment (Edmondson et al., 1989).  The greater DMI in 
cows later given HIGH (13.69 kg/d and 1.87% of BW) when compared to cows later given LOW 
(12.13 kg/d and 1.65% of BW) during the far-off dry period when all cows were given the same 
CON diet is puzzling but may be a result of random variation as well.   
To investigate if there was an association of DMI with the greater degree of over 
conditioning in cows later fed CON and LOW,  a correlation analysis was generated for all cows 
regardless of later treatment assignment.  When all cows were used to correlate BW and BCS 
with far-off DMI, a slight negative correlation was observed for BCS (r = -0.15; P = 0.07).  
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Although weak, this tendency may indicate that overconditioned cows may have adapted slower 
to the change in diet after drying off.  Therefore, far-off DMI, BCS, and BW variables were used 
as covariates in the other prepartum analysis to account for the random differences during initial 
enrollment. 
The time of initial treatment transition was based on estimated date of calving and ranged 
from -5 and -4 week before actual calving, shown in Table 4-8.  Body condition score continued 
to different among treatments, but differences in BW and DMI as a percent of BW remained 
non-significant.  Cows that began treatments LOW and HIGH had significantly less DMI during 
these two weeks when compared to CON cows that did not change diet (P < 0.01).  This initial 
drop in DMI was expected as changes in environment or feed can result in decreased DMI as the 
cow and rumen microbes adjust (Kehoe et al., 2007). However, delays in the adaptation process 
can lead to problems if the cow refuses the new diet.  This is most often seen during the more 
drastic change from a high-forage close-up dry cow diet to the high-concentrate fresh-cow 
lactation diet (Penner et al., 2007).  The use of the controlled energy, high forage, prepartum diet 
in this study was meant to lessen the gradual decrease in prepartum DMI as the cow approached 
calving.  This maintained DMI then would support the transition to the lactation diet with greater 
DMI to support milk production (Janovick and Drackley, 2010).   
The DMI during the close-up period from -3 week prior to calving through calving, back-
calculated from the actual day of calving, is shown in Table 4-9.  The DMI of cows given CON 
(12.0 kg/d) remained significantly greater than cows given LOW or HIGH (12.0 and 11.0 kg/d, 
respectively). In contrast to the comparisons during adaptation to the anionic diets (Table 4-8), 
during the close-up period DMI for cows given LOW tended (P = 0.10) to be lower compared to 
cows fed HIGH.  Thus, the immediate drop of DMI after the change from CON to LOW or 
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HIGH was later recovered in cows fed HIGH, but not in cows given LOW.  After the transition 
to the close-up treatments, the greater DMI of cows given HIGH indicates that the inclusion of 
anionic salts per se may not always decrease DMI (LOW: 1.29% of BW and HIGH: 1.47% of 
BW; P = 0.04).   
Reported linear reductions in prepartum DMI with decreased urinary pH has been a key 
argument to discourage feeding acidogenic close-up diets targeting a urine pH of less than 6.5 
(Charbonneau et al., 2006).  The recovery of DMI in cows given HIGH and the differences 
between the LOW and HIGH treatment groups indicates that DCAD alone was not the only 
cause of reduced DMI.  The differences in BCS reported in Table 4-7 and 4-8 remained during 
the close-up period (P = 0.01, Table 4-9) with cows given CON (3.91) having greater average 
BCS than cows given LOW (3.78) or HIGH (3.79).  This could be a continuation of the 
difference seen in the far-off period (Table 4-7) or a possible treatment effect based on DMI 
difference during adjustment to the treatment diets.  Table 4-10, combining the far-off and close-
up periods, reports similar differences in overall DMI during the entire dry period for cows given 
CON in comparison to cows given LOW or HIGH (CON: 12.7 kg/d, LOW: 11.3 kg/d, and 
HIGH: 12.4 kg/d; P = 0.02) and BCS (CON: 3.88, LOW: 3.76, HIGH: 3.74; P < 0.01).  
To further illustrate, Figure 4-1 shows the change of DMI from the far-off period to the 
close-up period through the transition to the new diets.  While both groups of cows changing to 
LOW and HIGH had initial drops in DMI, cows given HIGH appear to recover after the first 
week to have a similar DMI as those receiving CON.  The DMI of HIGH cows is of interest 
because the only difference between LOW and HIGH was the amount of dietary Ca. Given this 
difference, the common assumption that either group rejected the diet solely based on palatability 
of the anionic salt supplementation is difficult to support.  One theory that may explain the 
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difference in DMI is linked to rumen motility and the dependency of smooth muscle contractions 
on intracellular Ca.  Such an explanation is commonly used as a connection between 
hypocalcemia in the fresh period with decreased gut motility postpartum (Martinez et al., 2014).   
A negative DCAD diet increases maintenance requirements of Ca through the increase in 
urinary Ca excretion to sustain a neutral net charge (Grünberg et al., 2011).  When more dietary 
Ca is not available, such as in the LOW treatment group, there may be a reduction in the Ca 
dependent rumen motility and, consequently, decreased DMI.  The CON cows would not be 
affected in a similar way because the neutral DCAD formulation would not increase urinary Ca 
excretion and so a minimal dietary Ca content would still be adequate in combination with 
mobilized Ca stores.  This mechanism would be similar in cows fed HIGH that had increased Ca 
requirements but also received additional dietary Ca to meet the increased need. 
Calving Variables 
At calving, the cow and calf were immediately weighed and the results are shown in 
Table 4-11.  Calf BW was not different among treatments, while cow BW reflected the greater 
BW in cows receiving CON in the close-up period (P < 0.05).  Combined with no difference in 
calf BW, there is no evidence that the greater BW during the dry period impacted the calves’ 
development during late gestation.  There was also no difference in calving difficulty, colostrum 
weight, or colostrum quality.  Colostrum collection time, from the time of calving to the time of 
first milking, was not different among treatments.  Past studies have reported that colostrum 
production can be negatively impacted by decreased prepartum DMI (Tygesen et al., 2008), but 
the decreased DMI of cows given LOW did not impact initial colostrum yield or quality.   
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Ionized Calcium in Blood after Calving 
Blood samples were obtained within 1 h after calving (+/- 1 h), 24 and 48 h after calving, 
and on d 4 postpartum.  These samples were analyzed with a cow-side iSTAT device to measure 
iCa concentrations and other electrolytes.  Results are shown in Tables 4-12, 4-13, 4-14, and 4-
15, including all cows that had not developed clinical milk fever at the time of sampling.  At the 
time of calving (Table 4-12), cows given CON (0.98 mmol/L) had lower iCa than those 
receiving LOW (1.10 mmol/L) or HIGH (1.11 mmol/L; P < 0.01).  Concentration of Na did not 
differ among treatments, but K also was lower for CON than for LOW or HIGH (P < 0.01).  
Ionized Ca is a better measurement of available Ca than total Ca in blood because only 50% of 
total Ca is in the ionized form, whereas 40% is bound to albumin and the remaining 10% is held 
in an anion complex (Russell and Roussel, 2007).   
The cutoff and sampling time to best determine SCH with cow-side iCa measurements is 
still debated and can range from 0.95 to 1.05 mmol/L (Neves et al., 2017).  In a more recent 
study, samples taken within 12 h of calving and used to diagnosis SCH were found to have no 
negative associations with health, leading the authors to caution against using that time point to 
determine SCH incidence (Neves et al., 2018).  In our study the cut-off of 1.0 mmol/L iCa was 
used to monitor at-risk animals if below this threshold 24 h after calving (Martinez et al., 2014).  
The iCa values at 24 h postpartum (Table 4-13) indicated SCH in cows given CON prepartum 
(0.98 mmol/L), while cows given either LOW (1.11 mmol/L) or HIGH (1.05 mmol/L) were 
above the threshold and significantly different from CON (P < 0.01).   
Cows at risk of milk fever are most likely to show clinical symptoms within the first 24 
to 48 h after calving, and SCH during this time has been shown to increase the risk of other 
common fresh-cow metabolic disorders (Mulligan and Doherty, 2008).  By the 48 h and d 4 
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samples after calving all cows were above 1.0 mmol/L and differences among the treatment 
groups were no longer significant, as shown in Tables 4-14 and 4-15 and illustrated in Figure 4-
2.  The five cows that required treatment for milk fever as a lifesaving intervention also were 
tested for iCa before treatment with a hypersaline CMPK solution was administered.  On 
average, these cows registered a 0.77 mmol/L iCa at the time of calving, which later decreased to 
0.66 mmol/L iCa at 24 h after calving. 
While measuring iCa at calving, 24 and 48 h, and 4 d postpartum, blood gas 
concentrations also were analyzed to calculate blood pH.  At calving, cows given LOW or HIGH 
had a lower blood pH (7.33 and 7.35) than cows given CON (7.39; P < 0.01).  This difference 
was mirrored by lower HCO3- and base excess in cows given LOW or HIGH (Table 4-12).  
Apper-Bossard et al. (2010) used negative DCAD diets to evaluate blood acid-base regulation. 
They reported blood pH changes based on time of sampling after feeding the negative DCAD 
diet that led to limited DMI to maintain blood pH within the physiological range (Apper-Bossard 
et al., 2010).  The samples collected in our study were in reference to the time of calving, not the 
time of feeding, so variation existed within each treatment group and there are limitations in 
comparing results.  However, while blood pH was minimally affected, all treatment groups 
experienced a lower blood pH directly after calving when compared to later sampling times.  All 
groups had restored similar blood pH within 24 h of calving, as shown in Tables 4-13, 4-14, and 
4-15. 
Postpartum Production 
Production data during the fresh period, from calving to 28 DIM, were summarized by 
week and means are shown in Table 4-16.  In contrast with prepartum DMI, cows given LOW or 
HIGH prepartum had greater DMI, both as a measured weight and as a calculated percentage of 
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BW (18.9 and 19.5 kg/d; 2.81% and 2.87%, respectively) in the fresh period than cows given 
CON (17.0 kg/d; 2.38%; P < 0.01).  So, while a lower blood pH directly after calving may have 
been assumed to restrict DMI (Apper-Bossard et al., 2010), the overall DMI was less for cows 
with the greater blood pH at d 0.  Cows fed the acidogenic close-up diets also produced more 
milk (44.6 and 45.2 kg/d) in comparison to cows fed CON (42.0 kg/d; P = 0.03), as shown in 
Figure 4-3.  Leno et al. (2017) reported an increase in milk yield when prepartum DCAD was 
decreased, approximately 3 kg/d when comparing a positive DCAD diet to a negative DCAD 
diet, similar to the differences seen in our study (Leno et al., 2017).   
Feed efficiency was greater for cows given CON since they both consumed less feed DM 
and produced less milk (P < 0.01).  However, when calculating fat-corrected milk (FCM) and 
energy-corrected milk (ECM), these differences among treatment groups were no longer 
apparent.  The lack of differences in the calculated FCM and ECM can be explained by the  
significantly greater fat percentage in cows given CON (4.91%), when compared to cows given 
LOW or HIGH prepartum (4.29% and 4.16%; P < 0.01).  Milk protein did not differ among 
diets. The greater milk fat content in cows given CON also resulted in greater total solids 
percentage in the milk (13.49%) in comparison to cows given LOW or HIGH (P < 0.01).  The 
addition of prepartum dietary Ca did not affect production results when comparing cows fed 
LOW to those given HIGH (P > 0.10).  When calculating fat and protein production using 
percentages and milk yield, there were no differences among treatment groups.   
Abnormally inflated milk fat values have been linked to underlying problems in energy 
balance during early postpartum.  Duffield et al. (1997) discouraged the use of only milk fat or 
milk protein as a management tool related to possible risk factors, but explored the relationship 
of fat to protein as an alternative.  A milk fat to protein ratio (FPR) greater than 1.4 was 
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associated with subclinical ketosis, greater liver triacylglycerol percentage, and a greater risk of 
experiencing other fresh-cow disorders (Duffield et al., 1997; Sawall and Litherland, 2013).  
Cows given CON had a greater FPR ratio (1.57), which was above the 1.4 recommended cutoff 
and was significantly different than FPR for cows given LOW or HIGH (1.36 and 1.28; P < 
0.01).   
Somatic cell count (SCC) tended to be greater for CON (902) when compared to cows 
given LOW or HIGH (681 and 695; P = 0.06).  In combination with the greater FPR, the greater 
SCC for cows given CON likely had a greater risk of contracting a metabolic disorder, either 
clinical or subclinical.  Cows given CON also continued to have greater BW and BCS when 
compared to cows given LOW or HIGH (P < 0.01), following the trend seen in the prepartum 
period.   
At 34 DIM (+/- 1 d), after the completion of the fresh period, all cows were moved into 
free stall lots.  Individual DMI was no longer measured, but milk yield continued to be measured 
and a monthly milk component sample was taken as a representative analysis of the high period, 
shown in Table 4-17.  Milk yield continued to be greater in cows given LOW or HIGH 
prepartum (51.7 and 48.9 kg/d) when compared to cows given CON (44.2 kg/d; P < 0.01).  
Previous studies have attributed an initial increase in milk yield in cows fed a prepartum 
acidogenic diet to the reduced risk of metabolic disorders associated with SCH or increased gut 
motility that could allow for greater DMI (Leno et al., 2017).  However, the sustained increase in 
milk production after the initial fresh period observed during this study indicates that the close-
up dietary DCAD could have long-term benefits on production.  This possibly includes changes 
in the overall lactation curve, such as decreasing the time it takes to reach peak production or the 
amount of time maintaining peak production.   
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When comparing production between the two acidogenic diets, cows previously fed  
LOW produced more milk in the high period than cows given HIGH (P = 0.02), indicating a 
higher peak milk reached in the high period or a better adjustment to the change in facilities.  
The milk curve over time, through 10 week postpartum, is shown in Figure 4-4.  Cows that 
received LOW had greater FCM, ECM, fat, and FPR, when compared to cows given HIGH (P < 
0.01).  Cows in the CON group continued to have greater fat (%) but also greater FPR and 
remained above the risk threshold.  Body condition score remained greater in cows given CON, 
but BW was no longer significantly different in CON cows compared to cows given LOW or 
HIGH (P > 0.10). 
Table 4-18 looks at DMI during the fresh period as a non-linear regression to calculate 
the peak DMI, the change in DMI over the fresh period, and the daily increase as a percentage 
(Shah and Murphy, 2006).  While peak intake and change over time were not different among 
treatments, there was a difference in the percent increase in daily DMI.  Cows fed LOW or 
HIGH prepartum had a greater rate of daily DMI increase in the first 30 days postpartum (7.36% 
and 10.63%) when compared to cows fed CON (5.64%; P = 0.03).  This may indicate that these 
cows were able to reach their peak intake more quickly after calving, thereby shortening the time 
spent in negative energy balance.  A prolonged negative energy balance increases the risk of 
metabolic disorders associated with continuous loss of BCS (Strang et al., 1998; Pires et al., 
2013).   
The Wood (1967) lactation curve equation also was used to calculate the rate of increase 
and decrease during the 10-wk trial period, but when compared among treatment groups there 
was no difference (Wood, 1967).  Figure 4-5 illustrates the observed milk yield compared to the 
predicted milk yield.  An underestimation in cows fed LOW resulted in a failure to fit the 
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predicted model to the observed yields.  Further modeling using the plateau or broken line 
models also was unable to capture the differences observed among the treatment groups and 
generally overestimated yields across all treatments (Robbins et al., 2006).  The inability to fit 
one common lactation model uniformly across all the treatment groups could suggest that the 
behavior or general structure of the lactation curves differed based on the prepartum diet. 
Blood Analysis  
The blood samples during the close-up period, summarized in Table 4-19, can provide 
additional insight as to how these animals responded to the dietary treatments.  Non-esterified 
fatty acids were used to measure mobilized energy reserves (Reynolds et al., 2003).  Cows given 
LOW or HIGH had greater plasma NEFA concentrations (0.49 and 0.43 mEq/L) in the close-up 
dry period when compared to cows given CON (0.32 mEq/L; P < 0.01).  Ospina et al. (2013) 
established critical thresholds for NEFA concentrations pre- and postpartum to predict other 
fresh-cow disorders.  According to those thresholds, cows given LOW or HIGH were at greater 
risk of developing metritis after calving since they measured above the critical threshold of 0.4 
mEq/L, but all cows were at risk of clinical ketosis or DA, above the threshold of 0.3 mEq/L 
(Ospina et al., 2013).    
On the other hand, controlling the energy of the prepartum diet, as done in this study, has 
been shown to increase circulating NEFA concentrations in the prepartum period, but lower 
postpartum NEFA concentrations postpartum, which was attributed to a more robust adaptation 
to the start of lactation (Douglas et al., 2006).  So, interpretation of the proposed thresholds 
discussed previously may be confounded with the interaction of the base dry cow diet.  At the 
time of calving there was no difference among treatments (P > 0.10).  After calving, during the 
fresh period, cows that received CON in the close-up period had greater plasma BHB (1.47 
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mmol/L) when compared to cows given LOW or HIGH (0.91 and 0.88 mmol/L; P = 0.03).  But, 
there was no difference in plasma NEFA concentrations among treatments, supporting the earlier 
research with controlled energy diets (Douglas et al., 2006).  Geishauser et al. (2000) connected 
greater circulating NEFA and BHB postpartum to greater FPR and a greater incidence of fresh-
cow health disorders when blood concentrations exceeded a normal range (Geishauser et al., 
2000).  For this study, we used a threshold of 1 mmol/L of BHB to define subclinical ketosis.   
An economic study using a BHB concentration cut-off of 1.2 mmol/L to diagnose 
hyperketonemia estimated a cost of $289 per case, ranging from $256 to $375 depending on 
lactation.  Contributions to the overall cost included reproductive losses, future milk production 
loss, and voluntary or involuntary culling loss (McArt et al., 2015).  As BHB increased in above 
the 1.2 mmol/L threshold, there was an increased risk of experiencing other adverse health 
events (McArt et al., 2012).  Cow fed CON had average BHB (1.47 mmol/L) above the threshold 
used during this study (1.0 mmol/L), as well as the 1.2 mmol/L economic estimate.   The 
presence of elevated blood ketone concentrations along with the greater FPR indicates that the 
CON cows experienced hyperketonemia. 
Two acute phase proteins produced by the liver, haptoglobin (HG) and serum amyloid A 
(SAA), were used to evaluate inflammation.  In dairy cows, acute-phase proteins are the first 
reaction of the body to an infection, physical trauma, or stress.  Serum amyloid A is not as 
targeted as HG, but has a faster response to cytokines and glucocorticoids in bovine hepatocytes 
(Cray, 2012).  In Table 4-19, there was no prepartum difference in plasma SAA among 
treatments, but there was greater plasma HG in cows given LOW (0.22 mg/mL) when compared 
to cows given HIGH (0.15 mg/mL).  During the postpartum period, cows in the CON group had 
lower plasma HG concentrations (0.33 mg/mL) than cows given LOW or HIGH (0.53 and 0.42 
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mg/mL; P < 0.01), with cows given HIGH having lower plasma HG concentrations than cows 
given LOW (P = 0.03).  The greater plasma HG concentrations seen in cows given LOW may 
be, in part, a continuation of the increase seen in the close-up dry period samples.  Elevated HG 
directly after calving has been linked to increased leukocyte concentration that can decrease later 
reproductive efficiency, indicating undetected inflammation in the reproductive system following 
calving (Nightingale et al., 2015).   
It should be noted that the range of HG concentrations indicating normal function is 
between 0.31 and 0.58 g/L in the first week after calving (Huzzey et al., 2009), which includes 
the concentrations reported in our study.  There have been strong arguments in support of the 
theory that short-term elevation of globulins, specifically HG and SAA, are essential to promote 
the first phase of nonspecific immune responses.  This mechanism is used to protect against 
disease risks experienced by the cow at the time of calving, as long as concentrations remain 
within normal physiological ranges (Medzhitov, 2008).  An absence of a low level of 
inflammation during the first week after calving has been shown to limit metabolic adaptation to 
lactation requirements through delayed mammary gland development (Farney et al., 2013; Cao et 
al., 2001).  According to this theory, the increase in the acute phase proteins in cows fed LOW or 
HIGH as should not be interpreted as elevated, whereas it may be more accurate to interpret the 
lesser reaction of cows given CON as a limitation to an optimal transition.  This idea is 
corroborated by the production data discussed earlier, with greater postpartum DMI and milk 
yield and lower BHB of cows offered acidogenic prepartum rations. 
Table 4-20 reports the frequency of cortisol analyses above the minimum detectable 
threshold of 27.6 nmol/L and the mean values for those above this threshold at the time of 
calving, 24 h, and 48 h after calving.  While the percentage of cows within each treatment group 
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above the cortisol threshold was similar, the mean values of those samples were different.  For 
cows given CON, cortisol mean values were numerically higher at calving (71.5 nmol/L) 
compared to cows given LOW (65.4,) or HIGH (68.2).  At 24 and 48 h after calving, cows fed 
CON had greater cortisol concentrations (54.6 and 50.9 nmol/L), vs cows fed LOW (49.2 and 
40.2 nmol/L) or HIGH (35.0 and 47.5 nmol/L).  Cortisol is commonly used to measure physical 
or emotional stress, but in transition dairy cows it can also have a homeostatic effect on adipose 
tissue and liver metabolism and is associated with anti-inflammatory actions as long as 
concentrations do not remain elevated past the immediate need for adaptation (Katsu and Iguchi, 
2016).  While many samples fell below the detectable threshold, the raw means may indicate that 
cows given CON were responding to more stressors, such as an infection or inflammation, at or 
around calving.  When combined with lower circulating iCa during this time, these results agree 
with past studies reporting an inverse relationship between circulating Ca and cortisol in the first 
two days after calving (Horst and Jorgensen, 1982).  
Urine Analysis 
Table 4-21 reports calculated urinary mineral excretions (g/d) during the prepartum 
period, using the standard of 29 g of creatinine per kg of BW excreted daily in an adult cow 
reported previouisly in pre- and post-partum studies (Valadares et al., 1998).  This equation has 
come under scrutiny when looking at the prepartum period when muscle breakdown may be 
different than for mid-lactation cows as shown in Asai et al. (2005) who determined a value of 
22.8 g/kg BW (Asai et al., 2005).  However, changing the absolute value in the equation should 
not influence the comparison of differences between treatments, so for our purposes we used the 
29 g/kg BW standardized value.  Calculated creatinine excretion and measured creatinine 
concentrations of urine samples were significantly greater in cows given CON (24.5 g/d, 180.1 
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mg/dL) compared to cows given LOW or HIGH (22.1 and 23.69 g/d; 114.0 and 96.48 mg/dL; P 
< 0.01 and P < 0.01).   
When translated to calculated urine volume using the constant creatinine excretion 
variable, cows given CON excreted less urine (14.3 L/d) than cows given LOW and HIGH (21.2 
and 24.1 L/d; P < 0.01).  The difference in urine volume may indicate an influence of the DCAD 
to increase water intake, which was not monitored during this study.  The Ca concentration in the 
samples and calculated total daily Ca excretion differed by dietary treatment (P < 0.05).  Cows 
that received LOW or HIGH excreted significantly more urinary Ca (8.42 and 13.45 g/d) than 
cows given CON (1.03 g/d; P < 0.01).  These data verify the success of the acidogenic diets to 
increase Ca requirements by creating metabolic acidosis (Goff et al., 2014).  Calcium excretion 
also differed when contrasting cows fed LOW to those fed HIGH (P < 0.01).  Earlier work has 
demonstrated that creating a negative DCAD diet during the dry period increases apparent 
absorption of dietary Ca and, in the HIGH treatment diet, more Ca was available to be absorbed 
(Schonewille et al., 1994).   
It would then follow that more Ca would be available for excretion in the urine and that 
the lack of additional dietary Ca limited urinary Ca excretion in cows fed LOW during the 
prepartum period.  And, while we did not analyze fecal endogenous Ca loss, it has been shown to 
be consistent relative to DMI (Chrisp and Sykes, 1989).  In attempting to understand the increase 
in urinary Ca excretion when more dietary Ca was provided and accounting for the form of Ca, 
specifically the lower bioavailability of calcium carbonate, there still may be a portion of 
absorbed Ca that was able to be used by the cow in an as-yet undefined way.  Because the 
addition of dietary Ca in tandem with an acidogenic close-up diet not impeding later production 
177 
 
or increasing the risk of adverse health events, identification of where the additional absorbed Ca 
is going within the body is a future topic of investigation. 
Urinary Cl excretion also was greater in cows given LOW or HIGH (2.51 and 3.33 
mol/d) when compared to cows given CON (0.95 mol/d; P < 0.01).  These differences continued 
on a lesser scale into the postpartum period (Table 4-21) as demonstrated by during the three 
urine samples taken within the first week of lactation after change to the lactation diet.  Urinary 
Ca and Cl excretion drastically decreased in all cows postpartum, but remained different between 
the negative and positive DCAD diets (CON: 0.19 and 1.29, LOW: 0.68 and 2.18, and HIGH: 
0.42 g/d and 2.27 mol/d; P = 0.04 and P < 0.01) within the first week after calving.  Chloride and 
sulfur were used as the added strong anions in the anionic salt diets, which was reflected in 
additional urinary excretion of these minerals. 
Prepartum urine pH consistently averaged within the desired pH ranges (5.5 to 6.0) for 
the treatment objectives, differing between the positive and negative DCAD diets (CON: 8.12, 
LOW: 5.76, and HIGH: 5.67; P < 0.01) as shown in Table 4-21 and Figures 4-6 and 4-7.  Figure 
4-6 represents the urine pH measurements in a scatter plot to illustrate the range of the urine pH 
within the separation of positive DCAD CON treatment and the two negative DCAD LOW and 
HIGH treatments.  Figure 4-7, in turn, reports means and standard errors, which demonstrates the 
consistent urine pH range between 5.5 and 6.0 in cows given LOW and HIGH.  Urine pH rapidly 
became neutral over the samples during the first week postpartum, although still significant from 





Health events are reported as frequency values by treatment in Table 4-23 and analyzed 
as odds ratios in Table 4-24.  There were relatively few overall health events and the odds ratios 
did not detect a difference among treatments (P > 0.10).  On the other hand, cows given CON 
during the prepartum period tended to have a greater adverse health score (2.10) when compared 
to cows fed LOW or HIGH (1.22 and 0.64; P = 0.06).  The adverse health event score was 
calculated using numerical values weighted according to economic impact based on a study by 
Nace et al. (2014), which accounted for the severity and the multitude of health events 
experienced by each cow (Nace et al., 2014).  So while the individual health events were too few 
to compare among treatments, when the disorders were prioritized based on the expense of 
treatment and long-term decrease in productivity, cows given CON required a greater investment 
compared to the cows given the acidogenic diets.   
Subclinical health events were reported as frequency values in Table 4-25 and analyzed 
as odds ratios in Table 4-26.  Using a threshold of below 1.0 mmol/L for whole blood iCa values 
to define subclinical hypocalcemia, differences were reported for all sampling data separated by 
the time points of calving, 24 h, 48 h, and 4 d postpartum.  Cows fed CON during the close-up 
dry period were 7.92 times more likely to experience SCH then cows fed LOW and 7.20 times 
more likely than cows fed HIGH at the time of calving (P < 0.01).  This pattern is also seen in 
the frequency data when comparing 18 cows in the CON group to 5 cows each in the LOW and 
HIGH treatment groups experiencing SCH at the time of calving (P < 0.01).  Cows fed CON 
continued to have a greater likelihood of experiencing SCH 24 h after calving (3.81 times; 13 
health events) when compared to cows fed LOW (5 health events; P = 0.03), which is the time 
used in this study to evaluate blood iCa concentrations.  There was no difference between cows 
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given CON and cows given HIGH at this time point, with the HIGH group reporting 10 cases of 
SCH.  When accounting for the previously discussed average iCa values, a similar number of 
animals fell below the selected threshold at this time point, but cows given CON experienced the 
drop in circulating iCa to a greater degree than cows given HIGH.  There was also no difference 
among treatments 48 h after calving and only one cow in the CON group remained under the 1.0 
mmol/L iCa threshold 4 d postpartum.   
Plasma BHB, using a threshold of above 1.0 mmol/L to determine SCK, was reported as 
a weekly sample during the fresh period.  Subclinical ketosis occurrences were not different 
among treatments when comparing BHB concentrations in samples on d 7, 14, 21, or 28 
postpartum.   
CONCLUSIONS 
Subclinical hypocalcemia can be widely underestimated in its impact on the health and 
productive potential of dairy cows after calving.  Negative DCAD close-up diets have been used 
to prevent clinical milk fever, but it was this study’s goal to investigate acidogenic rations and 
differing amounts of dietary Ca on the prevention of SCH.  The primed Ca homeostatic 
mechanism in late gestation was observed through the decrease in urine pH, indicating metabolic 
acidosis, and an increase in urine Ca excretion.  Cows fed LOW or HIGH experienced a less 
severe drop in circulating blood iCa directly after calving.  This resulted in a reduced likelihood 
of experiencing SCH, greater postpartum DMI, and greater milk production in the fresh period, 
which continued into the high period.  By providing additional dietary Ca in combination with a 
negative DCAD close-up diet, cows fed HIGH had greater prepartum DMI, but no differences in 
intake or production during the fresh period when compared to LOW cows.  This may encourage 
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producers to use this preventative dietary technique without the need to limit high cation- 
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Table 4-1. Enrollment and exclusion of eligible cows by prepartum dietary anion-cation difference 
(DCAD) dietary treatment. 
 Treatment1  
 CON LOW HIGH Totals 
Initially enrolled 28 27 27 82 
Removed during dry period (twins) 0 0 1 1 
Completed dry period and calved 28 27 26 81 
Died during early lactation 1 2 1 4 
Excluded during early lactation 1 2 1 4 
Died during the high period 4 0 0 4 
Excluded during the high period 2 1 0 3 
Treated for clinical milk fever 22 3 0 5 
Total cows, early lactation 24 20 24 68 
Total cows, high period 20 19 24 63 
1Animate supplementation was used to alter the prepartum dietary anion-cation difference (DCAD): CON 
offered a positive DCAD which averaged +6 mEq/100 g DM; LOW and HIGH offered a negative DCAD which 
averaged -24 mEq/100 g DM 






























Table 4-2. Pre-treatment characteristics of eligible cows as blocked by prepartum dietary 
anion-cation difference (DCAD) dietary treatment.  
 Treatment1   
Variable CON LOW HIGH Totals Means 
Initially enrolled, n 28 27 26 81 - 
Previous milk, high (>11,820 kg) 17 12 12 41 - 
Previous 305 d milking equivalent, 
kg/lactation 12,275 12,077 12,304 - 12,219 
Last somatic cell score 3.49 2.81 2.41 - 2.90 
Initial body weight, kg 786.1 761.2 763.0 - 770.1 
Body condition score, high (>3.5) 18 14 16 48 - 
Lactation number > 2 18 17 16 51 - 
1Animate supplementation was used to alter the prepartum dietary anion-cation difference (DCAD): CON 
offered a positive DCAD which averaged +6 mEq/100 g DM; LOW and HIGH offered a negative DCAD which 






















 Table 4-3.  Ingredient composition (DM, kg/d) of the close-up and lactation diets fed as TMR by 
prepartum dietary anion-cation difference (DCAD) dietary treatment. 
  Treatment1   
Ingredient CON LOW HIGH LACT 
Wheat straw 4.40 4.40 4.40 - 
Corn silage 3.89 3.89 3.89 6.89 
Corn gluten feed 1.00 1.00 1.00 - 
Soybean hulls, pelleted 0.80 0.80 0.80 1.36 
Calcium carbonate - - 0.35 0.09 
Animate1 - 0.50 0.50 - 
Salt, white 0.01 - - 0.11 
Sodium phosphate mono - 0.01 0.02 - 
Magnesium sulfate, epsom salt 0.07 - - - 
Soybean meal 0.70 0.70 0.70 2.17 
ProVaal Advantage2 0.30 0.30 0.30 - 
UI mineral premix3 0.02 0.02 0.02 0.05 
Magnesium oxides 0.04 - - 0.06 
Vitamin premix E 0.04 0.03 0.03 - 
Wheat midds 0.84 0.44 0.12 - 
Superflow4 0.15 0.05 - - 
Alfalfa hay - - - 3.85 
Grass clover hay - - - 1.50 
Canola meal, expelled - - - 2.00 
Corn grain ground fine - - - 6.01 
Enertia 955 - - - 0.11 
Blood meal ring dried - - - 0.04 
Biotin - - - 0.01 
Total 12.17 12.15 12.15 24.26 
1Animate supplementation was used to alter the prepartum dietary anion-cation difference (DCAD): CON 
offered a positive DCAD which averaged +6 mEq/100 g DM; LOW and HIGH offered a negative DCAD which 
averaged -24 mEq/100 g DM 
2ProVaal Advantage, Perdue Agribusiness 
3UI Dairy mineral-vitamin consisted of calcium carbonate, roughage products, choline chloride, vitamin A 
supplement, vitamin D3 supplement, vitamin E supplement, menadione sodium bisulfite complex, riboflavin 
supplement, calcium pantothenate, niacin supplement, vitamin B12 supplement, hydratesodium calcium 
aluminosilicate, mineral oil 
4Superflow, ADM Animal Health & Nutrition division 










Table 4-4. Analyzed chemical profile (means ± SD of monthly composite samples) of the close-up diet 
fed as TMR by prepartum dietary anion-cation difference (DCAD) dietary treatment. 
 Treatment1  
Component CON SD LOW SD HIGH SD LACT SD 
DM, % as fed 45.85 2.50 46.79 2.57 46.26 2.71 48.28 1.74 
CP, % of DM 15.08 1.28 16.56 1.53 16.42 1.02 17.84 0.60 
AP, % of DM 14.06 1.28 15.34 1.43 15.07 0.97 16.33 0.91 
ADICP, % of DM 1.01 0.17 1.23 0.23 1.36 0.30 1.51 0.41 
Adjusted CP, % of DM 15.08 1.28 16.46 1.41 16.18 0.97 17.55 0.99 
Soluble P, % of CP 40.6 6.35 40 1.41 38.33 5.94 35.3 5.06 
NDICP, % of DM 1.99 0.24 2.17 0.40 2.31 0.17 3.34 0.56 
ADF, % of DM 33.61 2.15 33.89 3.57 33.33 1.93 18.92 1.86 
aNDFom, % of DM 49.3 2.63 47.67 4.13 46.95 4.83 30.41 1.36 
Lignin, % of DM 4.77 0.6 5.25 0.83 4.7 0.48 4.02 0.87 
NFC, % of DM 23.8 2.48 24.4 3.15 22 4.1 39.87 1.48 
Starch, % of DM 14.05 2.19 12.70 2.23 12.82 1.23 30.79 1.49 
ESC, % of DM 2.38 1.58 2.99 1.71 2.52 1.22 1.5 0.82 
Crude fat, % of DM 2.43 0.39 2.80 0.16 2.79 0.25 3.17 0.46 
Ash, % of DM 9.39 1.03 8.59 0.25 11.81 1.55 8.72 0.84 
TDN, % of DM 60.4 1.78 61.27 2.69 59.1 1.79 68.7 0.95 
NEL, Mcal/kg of DM 1.40 0.04 1.41 0.07 1.36 0.04 1.58 0.02 
NEM, Mcal/kg of DM 1.25 0.07 1.30 0.11 1.21 0.07 1.58 0.04 
NEG, Mcal/kg of DM 0.68 0.07 0.73 0.09 0.66 0.07 0.99 0.02 
Ca, % of DM 0.4 0.06 0.44 0.05 1.97 0.56 1.15 0.32 
P, % of DM 0.42 0.03 0.43 0.04 0.44 0.05 0.49 0.04 
Mg, % of DM 0.43 0.08 0.44 0.03 0.43 0.05 0.33 0.02 
K, % of DM 1.19 0.06 1.16 0.07 1.15 0.05 1.48 0.08 
Na, % of DM 0.10 0.03 0.08 0.02 0.11 0.03 0.55 0.03 
Fe, mg/kg of DM 419 37.71 457 78.51 529 182 370 62.44 
Zn, mg/kg of DM 94.4 16.71 92 6.60 96.33 11.92 88.2 7.76 
Cu, mg/kg of DM 18.1 4.51 17.77 1.10 19.17 1.67 16.4 0.84 
Mn, mg/kg of DM 103 24.08 98.37 9.67 99.03 15.54 87.3 7.21 
Mo, mg/kg of DM 0.99 0.15 0.97 0.16 0.99 0.16 0.64 0.17 
S, % of DM 0.33 0.15 0.50 0.06 0.52 0.04 0.31 0.02 
Cl, % of DM 0.29 0.06 0.91 0.10 0.91 0.09 0.61 0.05 
DCAD, mEq/100 g DM2 6 9.46 -23.97 6.02 -24.13 5.32 25.4 2.32 
1Animate supplementation was used to alter the prepartum dietary anion-cation difference (DCAD): CON 
offered a positive DCAD which averaged +6 mEq/100 g DM; LOW and HIGH offered a negative DCAD which 
averaged -24 mEq/100 g DM 









Table 4-5. Physical characteristics of TMR and refusals, as determined by monthly mean particle size 
distribution in 4-layer Penn State Particle Separator by prepartum dietary anion-cation difference 
(DCAD) dietary treatment. 
 Treatment1 
 CON LOW HIGH 
Level Mean SD Mean SD Mean SD 
Upper,  % 4.1 2.2 3.66 1.79 3.62 1.8 
Middle,  % 42.14 5.54 41.42 5.6 42.4 5.3 
Lower,  % 41.53 4.04 42.73 3.96 42.03 3.5 
Bottom,  % 10 3.53 9.44 2.82 8.65 2.88 
Mean particle 
size, mm 4.5 - 4.4 - 4.4 - 
1Animate supplementation was used to alter the prepartum dietary anion-cation difference (DCAD): CON 
offered a positive DCAD which averaged +6 mEq/100 g DM; LOW and HIGH offered a negative DCAD which 



































Table 4-6. Average weekly prepartum Ca intake by prepartum dietary anion-cation difference 
(DCAD) dietary treatment. 
 Treatment1 
 CON LOW HIGH 
Wks Mean SD Mean SD Mean SD 
-7 48.3 12.8 44.7 16.5 51.9 17.1 
-6 51.7 12.2 48.2 14.4 54.2 13.8 
-5 51.6 12.3 49.3 13.9 53.9 13.4 
-4 51.4 14.5 45.8 15.9 228.9 100.8 
-3 48.0 15.0 47.7 14.9 243.3 100.6 
-2 44.8 14.5 44.8 16.2 237.0 91.0 
-1 40.5 16.7 38.1 17.2 197.3 91.4 
1Treatment started -28 d prior to expected calving: CON offered a positive DCAD which averaged +6 mEq/100 
g DM; LOW and HIGH offered a negative DCAD which averaged -24 mEq/100 g DM; 1) with no added 
Animate supplementation2 and 0.40% of DM of dietary Ca (CON); 2) with added Animate supplementation and 








Table 4-7. Least squares means for DMI, BW, and BCS during the far-off prepartum period1 (wkss -6 and -7 prior to expected calving 
date) by prepartum dietary anion-cation difference (DCAD) dietary treatment. 
 Treatment2    Contrasts5 
 CON (n = 28) LOW (n = 27) HIGH (n = 26) SE Trt Trt*Time 1 2 
DMI3, kg/d 12.95 12.13 13.69 0.52 0.05 0.94 0.95 0.01 
DMI, % of BW 1.69 1.64 1.84 0.07 0.05 0.77 0.47 0.02 
Ca intake, g/d 50.10 45.95 52.97 2.5 0.03 0.94 0.78 0.01 
BW4, kg 777 754 752 13.7 0.35 0.33 0.15 0.94 
BCS4 3.80 3.74 3.70 0.04 0.12 0.40 0.07 0.37 
1Samples summarized by week 
2Treatment started -28 d prior to expected calving: CON offered a positive DCAD which averaged +6 mEq/100 g DM; LOW and HIGH offered a 
negative DCAD which averaged -24 mEq/100 g DM; 1) with no added Animate supplementation2 and 0.40% of DM of dietary Ca (CON); 2) with 
added Animate supplementation and 0.40% of DM of dietary Ca (LOW); or 3) with added Animate supplementation and 2.0% of DM of dietary Ca 
(HIGH). 
3Dry matter intake was measured daily and summarized by week. 
4BW and BCS were measured once weekly. 






















Table 4-8. Least squares means for DMI, BW, and BCS during the adaptation prepartum period1 (wkss -5 and -4 prior to expected 
calving date) by prepartum dietary anion-cation difference (DCAD) dietary treatment. 
 Treatment2    Contrasts5 
 CON (n = 28) LOW (n = 27) HIGH (n = 26) SE Trt Trt*Time 1 2 
DMI3, kg/d 13.62 11.70 12.47 0.43 <0.01 <0.01 <0.01 0.17 
DMI, % of BW 1.70 1.66 1.63 0.06 0.63 0.01 0.39 0.68 
Ca intake, g/d 52.49 48.13 142.5 6.0 <0.01 <0.01 <0.01 <0.01 
BW4, kg 795 785 792 3.6 0.08 0.05 0.09 0.15 
BCS4 3.92 3.79 3.84 0.03 0.01 0.83 <0.01 0.25 
1Samples summarized by week 
2Treatment started -28 d prior to expected calving: CON offered a positive DCAD which averaged +6 mEq/100 g DM; LOW and HIGH offered a 
negative DCAD which averaged -24 mEq/100 g DM; 1) with no added Animate supplementation2 and 0.40% of DM of dietary Ca (CON); 2) with 
added Animate supplementation and 0.40% of DM of dietary Ca (LOW); or 3) with added Animate supplementation and 2.0% of DM of dietary Ca 
(HIGH). 
3Dry matter intake was measured daily and summarized by week. 
4BW and BCS were measured once weekly. 




Table 4-9. Least squares means for DMI, BW, and BCS during the close-up prepartum period1 (wkss -3, -2, and -1 prior to expected 
calving through calving) by prepartum dietary anion-cation difference (DCAD) dietary treatment. 
 Treatment2    Contrasts5 
 CON (n = 28) LOW (n = 27) HIGH (n = 26) SE Trt Trt*Time 1 2 
DMI3, kg/d 12.05 10.02 10.98 0.4 <0.01 0.84 <0.01 0.10 
DMI, % of BW 1.51 1.29 1.47 0.06 0.02 0.83 0.06 0.04 
Ca intake, g/d 45.86 45.51 227.6 9.6 <0.01 <0.01 <0.01 <0.01 
BW4, kg 806 779 796 4.5 <0.01 0.97 <0.01 <0.01 
BCS4 3.91 3.78 3.79 0.04 0.02 0.17 0.01 0.83 
1Samples summarized by week 
2 Treatment started -28 d prior to expected calving: CON offered a positive DCAD which averaged +6 mEq/100 g DM; LOW and HIGH offered a 
negative DCAD which averaged -24 mEq/100 g DM; 1) with no added Animate supplementation2 and 0.40% of DM of dietary Ca (CON); 2) with 
added Animate supplementation and 0.40% of DM of dietary Ca (LOW); or 3) with added Animate supplementation and 2.0% of DM of dietary Ca 
(HIGH). 
3Dry matter intake was measured daily and summarized by week. 
4BW and BCS were measured once weekly. 






















Table 4-10. Least squares means for DMI, BW, and BCS during the entire prepartum period1 (starting at -50 d to expected calving 
date) by prepartum dietary anion-cation difference (DCAD) dietary treatment. 
 Treatment2    Contrasts5 
 CON (n = 28) LOW (n = 27) HIGH (n = 26) SE Trt Trt*Time 1 2 
DMI3, kg/d 12.67 11.31 12.36 0.36 <0.01 0.01 0.02 0.01 
DMI, % of BW 1.60 1.50 1.62 0.05 0.07 <0.01 0.33 0.03 
Ca intake, g/d 49.08 46.63 153.8 5.9 <0.01 <0.01 <0.01 <0.01 
BW4, kg 800 769 771 15.5 0.20 0.14 0.07 0.91 
BCS4 3.88 3.76 3.74 0.04 <0.01 0.26 <0.01 0.72 
1Samples summarized by week 
2Treatment started -28 d prior to expected calving: CON offered a positive DCAD which averaged +6 mEq/100 g DM; LOW and HIGH offered a 
negative DCAD which averaged -24 mEq/100 g DM; 1) with no added Animate supplementation2 and 0.40% of DM of dietary Ca (CON); 2) with 
added Animate supplementation and 0.40% of DM of dietary Ca (LOW); or 3) with added Animate supplementation and 2.0% of DM of dietary Ca 
(HIGH). 
3Dry matter intake was measured daily and summarized by week. 
4BW and BCS were measured once weekly. 
5The preplanned contrast statements were (1) CON vs the average of HIGH and LOW and (2) HIGH vs LOW  
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Table 4-11. Least squares means for calving data by prepartum dietary anion-cation difference (DCAD) dietary treatment. 
 Treatment2   Contrasts5 
 CON (n = 28) LOW (n = 27) HIGH (n = 26) SE Trt 1 2 
Cow BW, kg 751.8 712.7 721.2 14.8 0.14 0.05 0.68 
Calf BW, kg g 43.86 43.46 44.35 0.84 0.73 0.96 0.44 
Calving difficulty4 1.18 1.22 1.23 0.12 0.95 0.76 0.95 
Colostrum3, kg  4.93 4.27 4.16 0.49 0.42 0.19 0.87 
Colostrum3 IgG, mg/mL 89.2 87.7 88.8 6.0 0.98 0.88 0.88 
Colostrum collection time, h 3.46 3.44 2.63 0.59 0.49 0.54 0.32 
1Samples summarized by week 
2Treatment started -28 d prior to expected calving: CON offered a positive DCAD which averaged +6 mEq/100 g DM; LOW and HIGH offered a 
negative DCAD which averaged -24 mEq/100 g DM; 1) with no added Animate supplementation2 and 0.40% of DM of dietary Ca (CON); 2) with 
added Animate supplementation and 0.40% of DM of dietary Ca (LOW); or 3) with added Animate supplementation and 2.0% of DM of dietary Ca 
(HIGH). 
3Colostrum defined as the first milking only. 
4Calving difficulty scored: 1) easy calving with no assistance needed; 2) a calving needing minimum assistance; 3) complicated calving with invasive 
assistance needed. 





















Table 4-12. Least squares means for the cow-side iSTAT1 blood analysis at calving by prepartum dietary anion-cation difference 
(DCAD) dietary treatment. 
 Treatment2    Contrasts3 
Variable CON (n = 28) LOW (n = 26) HIGH (n = 26) SE Trt Parity 1 2 
Chemistries         
  iCa, mmol/L 0.98 1.10 1.11 0.02 <0.01 <0.01 <0.01 0.71 
  Na, mmol/L 143.5 143.5 143.3 0.39 0.93 0.71 0.88 0.72 
  K, mmol/L 4.03 4.23 4.33 0.06 <0.01 0.60 <0.01 0.24 
  Glucose, mg/dL 103.5 104.9 99.96 5.86 0.81 <0.01 0.87 0.53 
Blood gases         
  Blood pH 7.39 7.33 7.35 0.01 <0.01 0.82 <0.01 0.20 
  pCO2, mmHg 47.29 45.74 43.92 1.3 0.09 0.99 0.06 0.24 
  pO2, mmHg 54.32 35.27 43.96 7.3 0.17 0.82 0.09 0.40 
  Base excess4, mmol/L 3.39 -1.67 -1.37 0.69 <0.01 0.54 <0.01 0.75 
  HCO34, mmol/L 28.48 24.28 24.23 0.59 <0.01 0.58 <0.01 0.94 
  tCO24, mmol/L 29.92 25.67 25.55 0.61 <0.01 0.54 <0.01 0.89 
  sO24, % 66.90 52.14 60.81 4.4 0.06 0.31 0.05 0.17 
Hematology         
  Hematocrit, % 29.89 28.85 28.58 0.57 0.15 0.05 0.06 0.71 
  Hemoglobin4, g/dL 10.16 9.80 9.71 0.19 0.15 0.05 0.06 0.72 
1iSTAT, Abbott cow-side blood sampling was used primarily for iCa analysis  
2 Treatment started -28 d prior to expected calving: CON offered a positive DCAD which averaged +6 mEq/100 g DM; LOW and HIGH offered a 
negative DCAD which averaged -24 mEq/100 g DM; 1) with no added Animate supplementation2 and 0.40% of DM of dietary Ca (CON); 2) with 
added Animate supplementation and 0.40% of DM of dietary Ca (LOW); or 3) with added Animate supplementation and 2.0% of DM of dietary Ca 
(HIGH). 















Table 4-13. Least squares means for the cow-side iSTAT1 blood analysis at 24 after calving, excluding milk fever cows, by prepartum 
dietary anion-cation difference (DCAD) dietary treatment. 
 Treatment2    Contrasts3 
Variable CON (n = 28) LOW (n = 26) HIGH (n = 26) SE Trt Parity 1 2 
Chemistries         
  iCa, mmol/L 0.98 1.11 1.05 0.03 <0.01 <0.01 <0.01 0.03 
  Na, mmol/L 143.9 143.9 144.2 0.40 0.75 0.61 0.69 0.53 
  K, mmol/L 4.12 4.45 4.54 0.08 <0.01 0.76 <0.01 0.46 
  Glucose, mg/dL 62.14 59.75 58.16 2.1 0.29 0.67 0.15 0.54 
Blood gases         
  Blood pH 7.43 7.45 7.45 0.01 0.29 0.05 0.12 0.78 
  pCO2, mmHg 46.16 47.59 46.76 1.3 0.72 0.78 0.50 0.64 
  pO2, mmHg 49.23 51.69 49.77 6.9 0.96 0.19 0.85 0.84 
  Base excess4, mmol/L 6.45 9.35 8.18 0.76 0.03 <0.01 0.01 0.28 
  HCO34, mmol/L 30.72 33.22 32.20 0.68 0.03 0.01 0.02 0.29 
  tCO24, mmol/L 31.95 33.85 33.68 0.84 0.19 0.09 0.07 0.89 
  sO24, % 67.54 68.92 67.52 4.6 0.97 0.07 0.90 0.83 
Hematology         
  Hematocrit, % 27.87 27.21 26.44 0.61 0.18 0.94 0.12 0.33 
  Hemoglobin4, g/dL 9.48 9.24 8.99 0.21 0.17 0.93 0.10 0.34 
1iSTAT, Abbott cow-side blood sampling was used primarily for iCa analysis  
2 Treatment started -28 d prior to expected calving: CON offered a positive DCAD which averaged +6 mEq/100 g DM; LOW and HIGH offered a 
negative DCAD which averaged -24 mEq/100 g DM; 1) with no added Animate supplementation2 and 0.40% of DM of dietary Ca (CON); 2) with 
added Animate supplementation and 0.40% of DM of dietary Ca (LOW); or 3) with added Animate supplementation and 2.0% of DM of dietary Ca 
(HIGH). 











Table 4-14. Least squares means for the cow-side iSTAT1 blood analysis at 48 h after calving, excluding milk fever cows, by 
prepartum dietary anion-cation difference (DCAD) dietary treatment. 
 Treatment2    Contrasts3 
Variable CON (n = 27) LOW (n = 26) HIGH (n = 26) SE Trt Parity 1 2 
Chemistries         
  iCa, mmol/L 1.10 1.14 1.09 0.02 0.19 <0.01 0.56 0.08 
  Na, mmol/L 142.9 142.1 143.3 0.31 0.02 0.55 0.71 0.01 
  K, mmol/L 4.30 4.20 4.22 0.07 0.52 0.89 0.26 0.85 
  Glucose, mg/dL 54.78 51.59 53.37 2.0 0.51 0.26 0.34 0.52 
Blood gases         
  Blood pH 7.44 7.44 7.45 0.01 0.54 0.61 0.54 0.37 
  pCO2, mmHg 44.47 49.45 46.04 1.37 <0.01 0.60 0.01 0.02 
  pO2, mmHg 46.93 52.65 64.61 8.9 0.28 0.81 0.25 0.29 
  Base excess4, mmol/L 6.07 9.90 8.14 0.80 <0.01 0.20 <0.01 0.04 
  HCO34, mmol/L 30.16 33.90 32.35 0.75 <0.01 0.16 <0.01 0.05 
  tCO24, mmol/L 31.43 35.40 33.40 0.79 <0.01 0.26 <0.01 0.02 
  sO24, % 64.12 64.10 75.08 5.3 0.14 0.90 0.34 0.09 
Hematology         
  Hematocrit, % 25.78 26.85 26.44 0.57 0.30 0.91 0.15 0.55 
  Hemoglobin4, g/dL 8.76 9.13 8.99 0.19 0.28 0.95 0.14 0.56 
1iSTAT, Abbott cow-side blood sampling was used primarily for iCa analysis  
2 Treatment started -28 d prior to expected calving: CON offered a positive DCAD which averaged +6 mEq/100 g DM; LOW and HIGH offered a 
negative DCAD which averaged -24 mEq/100 g DM; 1) with no added Animate supplementation2 and 0.40% of DM of dietary Ca (CON); 2) with 
added Animate supplementation and 0.40% of DM of dietary Ca (LOW); or 3) with added Animate supplementation and 2.0% of DM of dietary Ca 
(HIGH). 













Table 4-15. Least squares means for the cow-side iSTAT1 blood analysis at d 4 postpartum, excluding milk fever cows, by prepartum 
dietary anion-cation difference (DCAD) dietary treatment. 
 Treatment2    Contrasts3 
Variable CON (n = 27) LOW (n = 26) HIGH (n = 26) SE Trt Parity 1 2 
Chemistries         
  iCa, mmol/L 1.21 1.19 1.17 0.02 0.24 0.16 0.15 0.40 
  Na, mmol/L 141.2 140.7 140.6 0.36 0.45 0.10 0.22 0.81 
  K, mmol/L 4.37 4.19 4.28 0.08 0.31 0.86 0.18 0.47 
  Glucose, mg/dL 58.0 53.37 54.73 2.9 0.48 0.04 0.24 0.72 
Blood gases         
  Blood pH 7.41 7.42 7.42 0.01 0.67 0.18 0.38 0.91 
  pCO2, mmHg 45.39 46.82 47.18 1.2 0.49 0.91 0.24 0.82 
  pO2, mmHg 45.90 48.10 40.89 6.4 0.69 0.10 0.85 0.41 
  Base excess4, mmol/L 4.26 5.98 6.21 0.69 0.08 0.32 0.03 0.81 
  HCO34, mmol/L 28.82 30.36 30.64 0.65 0.09 0.34 0.03 0.75 
  tCO24, mmol/L 30.16 31.73 32.00 0.68 0.10 0.42 0.03 0.77 
  sO24, % 59.44 65.05 64.09 4.6 0.59 0.42 0.31 0.87 
Hematology         
  Hematocrit, % 26.96 26.59 26.72 0.59 0.89 0.45 0.64 0.87 
  Hemoglobin4, g/dL 9.16 9.02 9.08 0.20 0.87 0.47 0.64 0.81 
1iSTAT, Abbott cow-side blood sampling was used primarily for iCa analysis  
2 Treatment started -28 d prior to expected calving: CON offered a positive DCAD which averaged +6 mEq/100 g DM; LOW and HIGH offered a 
negative DCAD which averaged -24 mEq/100 g DM; 1) with no added Animate supplementation2 and 0.40% of DM of dietary Ca (CON); 2) with 
added Animate supplementation and 0.40% of DM of dietary Ca (LOW); or 3) with added Animate supplementation and 2.0% of DM of dietary Ca 
(HIGH). 












Table 4-16. Least squares means from calving through d 28 (early lactation) for DMI, milk yield, milk components1, and BW by 
prepartum dietary anion-cation difference (DCAD) dietary treatment. 
 Treatment2    Contrasts8 
 CON (n = 24) LOW (n = 22) HIGH (n = 26) SE Trt Trt*Time 1 2 
DMI3, kg/d 16.98 18.91 19.46 0.78 <0.01 0.28 <0.01 0.43 
DMI, % of BW 2.38 2.81 2.87 0.13 <0.01 0.08 <0.01 0.60 
Milk, kg/d 42.05 44.55 45.22 1.56 0.06 0.60 0.03 0.64 
Feed efficiency7 2.72 2.37 2.27 0.14 <0.01 0.75 <0.01 0.46 
FCM4, kg/d 48.54 48.49 48.70 1.9 0.99 0.27 0.98 0.92 
ECM5, kg/d 48.77 48.76 49.32 1.9 0.94 0.20 0.89 0.78 
Fat, % 4.91 4.29 4.16 0.16 <0.01 0.40 <0.01 0.49 
Protein, % 3.17 3.13 3.25 0.07 0.32 0.25 0.84 0.15 
Fat:Protein ratio 1.57 1.36 1.28 0.06 <0.01 0.29 <0.01 0.26 
Fat, kg/d 1.95 1.86 1.85 0.09 0.61 0.22 0.34 0.94 
Protein, kg/d 1.29 1.33 1.41 0.06 0.09 0.09 0.12 0.20 
Lactose, % 4.48 4.62 4.60 0.06 0.17 0.50 0.06 0.76 
Other solids, % 5.39 5.54 5.52 0.06 0.19 0.54 0.07 0.82 
Total solids, % 13.49 12.95 12.92 0.20 0.04 0.49 0.01 0.90 
MUN, mg/dL 11.15 11.75 11.87 0.49 0.43 0.78 0.22 0.83 
SCC 902.4 478.9 613.7 119 <0.01 0.86 <0.01 0.07 
BW6, kg 726.1 681.0 695.2 14.5 <0.01 0.44 <0.01 0.11 
BCS6 3.59 3.33 3.39 0.05 <0.01 0.85 <0.01 0.16 
1Milk samples were obtained weekly from 3 consecutive milkings. 
2Treatment started -28 d prior to expected calving: CON offered a positive DCAD which averaged +6 mEq/100 g DM; LOW and HIGH offered a 
negative DCAD which averaged -24 mEq/100 g DM; 1) with no added Animate supplementation2 and 0.40% of DM of dietary Ca (CON); 2) with 
added Animate supplementation and 0.40% of DM of dietary Ca (LOW); or 3) with added Animate supplementation and 2.0% of DM of dietary Ca 
(HIGH). 
3Dry matter intake was measured daily and summarized by week. 
4Fat-corrected milk calculated using the formula: FCM = (0.515*milk weight) + (13.86*fat weight) (Bethard, 2012).   
5Energy-corrected milk Calculated using the formula: ECM = (0.327*milk weight) + (12.95*fat weight) + (7.65*protein weight) (Orth, 1992).   
6BW and BCS was measured once weekly. 
7Feed efficiency = milk yield:DMI 







Table 4-17. Least squares means during the high period from 28 d through 73 d for milk yield, milk components1, and BW by 
prepartum dietary anion-cation difference (DCAD) dietary treatment. 
 Treatment2    Contrasts6 
 CON (n = 22) LOW (n = 19) HIGH (n = 24) SE Trt Trt*Time 1 2 
Milk, kg/d 44.22 51.74 48.88 1.6 <0.01 0.89 <0.01 0.02 
FCM3, kg/d 49.80 54.63 48.43 5.6 <0.01 0.83 0.69 <0.01 
ECM4, kg/d 49.68 54.69 49.29 5.2 <0.01 0.83 0.57 <0.01 
Fat, % 4.46 3.67 3.17 0.72 <0.01 - <0.01 <0.01 
Protein, % 2.95 3.02 3.18 0.07 <0.01 - <0.01 <0.01 
Fat, kg/d 1.97 1.98 1.62 0.42 <0.01 0.83 0.51 <0.01 
Protein, kg/d 1.30 1.51 1.48 0.06 <0.01 0.90 <0.01 0.42 
Fat:Protein ratio 1.56 1.14 0.85 0.29 <0.01 - <0.01 <0.01 
Lactose, % 4.84 4.88 4.55 0.08 <0.01 - <0.01 <0.01 
Other solids, % 5.74 5.79 5.48 0.08 <0.01 - 0.02 <0.01 
Total solids, % 13.13 12.51 11.86 0.74 <0.01 - <0.01 <0.01 
MUN, mg/dL 10.77 12.09 13.50 1.1 <0.01 - <0.01 <0.01 
SCC 73.23 1608 2111 485 <0.01 - <0.01 <0.01 
BW5, kg 715.5 730.9 704.3 31 <0.01 0.12 0.92 <0.01 
BCS5 3.40 3.17 3.15 0.09 0.02 0.89 <0.01 0.74 
1Milk samples were obtained for one representative sample in the high period from 3 consecutive milkings. 
2Treatment started -28 d prior to expected calving: CON offered a positive DCAD which averaged +6 mEq/100 g DM; LOW and HIGH offered a 
negative DCAD which averaged -24 mEq/100 g DM; 1) with no added Animate supplementation2 and 0.40% of DM of dietary Ca (CON); 2) with 
added Animate supplementation and 0.40% of DM of dietary Ca (LOW); or 3) with added Animate supplementation and 2.0% of DM of dietary Ca 
(HIGH). 
3Fat-corrected milk calculated using the formula: FCM = (0.515*milk weight) + (13.86*fat weight) (Bethard, 2012).   
4Energy-corrected milk calculated using the formula: ECM = (0.327*milk weight) + (12.95*fat weight) + (7.65*protein weight) (Orth, 1992).   
5BW and BCSwas measured once weekly. 




Table 4-18. Least squares means of nonlinear postpartum intake and milk yield parameters by prepartum dietary anion-cation difference (DCAD) 
dietary treatment. 
Variables 
Treatment4   Contrasts5 
CON (n = 24) LOW (n = 22) HIGH (n = 26) SE Trt 1 2 
DMI1        
  Peak, kg 25.83 25.92 24.15 2.2 0.77 0.76 0.54 
  Change, kg 14.83 14.64 12.54 2.6 0.64 0.62 0.46 
  Daily increase, % 5.64 7.36 10.63 1.3 0.01 0.03 0.06 
Milk Yield (Wood)2        
  Initial, kg 37.50 36.46 38.01 2.3 0.79 0.90 0.50 
  Rate of increase, kg 0.41 0.36 0.39 0.06 0.77 0.55 0.68 
  Rate of decrease, kg 0.08 0.06 0.07 0.01 0.55 0.34 0.59 
Milk Yield (Plateau)3        
  Intercept, kg 27.15 26.67 27.95 2.4 0.89 0.95 0.64 
  Rate of increase, kg 6.19 6.59 6.84 0.88 0.87 0.62 0.83 
  Time to peak, wk 4.34 4.51 4.22 0.49 0.88 0.94 0.62 
1DMI(t) = a–b*(e^−ct), where DMI(t) = daily DMI for corresponding DIM, a = asymptotic maximum DMI, b = potential increase in DMI, c = 
fractional rate of increase of DMI with DIM, and t = DIM (1-33 d) (Shah and Murphy, 2006). 
2Milk yield(t) = a(t^b)(e^-ct), where Milk yield (t) = weekly milk yield at time t, a = initial milk yield, b = rate of increase until the peak is reached, c 
= rate of decline after peak, t = week (1-10 wks) (Wood, 1967). 
3 Milk yield(t) = b0 + b1*min(time, t), where Milk yield (t) = weekly milk yield at time t, b0 = y intercept of milk yield, b1 = rate of increase until the 
peak is reached, t = time to reach peak in weeks, time = week (1-10 wks) (Robbins et al., 2014). 
4Treatment started -28 d prior to expected calving: CON offered a positive DCAD which averaged +6 mEq/100 g DM; LOW and HIGH offered a 
negative DCAD which averaged -24 mEq/100 g DM; 1) with no added Animate supplementation2 and 0.40% of DM of dietary Ca (CON); 2) with 
added Animate supplementation and 0.40% of DM of dietary Ca (LOW); or 3) with added Animate supplementation and 2.0% of DM of dietary Ca 
(HIGH). 





Table 4-19. Least squares means for blood metabolites and enzymes1 by prepartum dietary anion-cation difference (DCAD) dietary 
treatment. 
 Treatment2    Contrasts4 
 CON (n = 28) LOW (n = 27) HIGH (n = 26) SE Trt Trt*Time 1 2 
Prepartum         
   NEFA, mEq/L  0.32 0.49 0.43 0.05 <0.01 0.92 <0.01 0.10 
   Haptoglobin3, mg/mL 0.16 0.22 0.15 0.02 0.01 0.59 0.26 <0.01 
   SAA3, ng/mL 37.52 45.78 51.92 7.6 0.20 0.15 0.15 0.43 
At calving         
   BHB3, mmol/L 0.61 0.80 0.71 0.11 0.39 - 0.22 0.43 
   NEFA, mEq/L  0.94 1.13 0.95 0.14 0.48 - 0.52 0.28  
   Haptoglobin5, mg/mL 0.18 0.25 0.22 0.05 0.59 - 0.34 0.65 
   SAA3, ng/mL 111 110.3 110 17 0.99 - 0.97 0.99 
Postpartum         
   BHB3, mmol/L 1.47 0.91 0.88 0.36 0.08 0.80 0.03 0.91 
   NEFA, mEq/L  0.67 0.70 0.61 0.08 0.25 0.54 0.83 0.12 
   Haptoglobin3, mg/mL 0.33 0.53 0.42 0.05 0.01 0.23 0.01 0.03 
   SAA3, ng/mL 296 233 285 28 0.11 0.95 0.20 0.07 
1Blood samples were taken on d -30 (used as a covariate in the model), -21, -14, -7, -4, -2, and -1 prepartum; within 1 h of calving; 24 h, 48 h after 
calving; and then d 4, 7, 14, 21, and 28 postpartum. 
2Treatment started -28 d prior to expected calving: CON offered a positive DCAD which averaged +6 mEq/100 g DM; LOW and HIGH offered a 
negative DCAD which averaged -24 mEq/100 g DM; 1) with no added Animate supplementation2 and 0.40% of DM of dietary Ca (CON); 2) with 
added Animate supplementation and 0.40% of DM of dietary Ca (LOW); or 3) with added Animate supplementation and 2.0% of DM of dietary Ca 
(HIGH). 
3Haptoglobin and SAA was not analyzed on d -30, -21, 21, or 28; BHB was only analyzed for samples taken after calving. 














Table 4-20. Least squares means for urine minerals during the prepartum period by prepartum dietary anion-cation difference 
(DCAD) dietary treatment. 
 Treatment3    Contrasts4 
Urine2 CON (n = 28) LOW (n = 27) HIGH (n = 26) SE Trt Trt*Time 1 2 
Ca, mg/dL 8.25 42.88 61.39 4.0 <0.01 0.03 <0.01 <0.01 
Na, mmol/L 29.85 22.30 23.98 2.9 0.20 0.39 0.08 0.64 
K, mmol/L 243.4 123.9 136.0 9.0 <0.01 0.98 <0.01 0.30 
Cl, mmol/L 71.21 120.7 158.7 8.3 <0.01 0.36 <0.01 <0.01 
Mg, mg/dL 36.81 20.90 22.53 2.7 <0.01 0.51 <0.01 0.62 
Creatinine, mg/dL 180.1 114.0 96.48 6.8 <0.01 0.24 <0.01 0.04 
pH 8.12 5.76 5.67 0.07 <0.01 0.70 <0.01 0.34 
Ca, g/d 1.03 8.42 13.45 0.9 <0.01 0.02 <0.01 <0.01 
Na, mmol/d 390.6 507.1 621.8 67 0.06 0.63 0.06 0.19 
K, mmol/d 3395 2577 3326 190 <0.01 0.42 0.04 <0.01 
Cl, mmol/d 953.8 2505 3578 227 <0.01 0.31 <0.01 <0.01 
Mg, mg/d 5383 4354 5757 496 0.03 0.15 0.55 0.01 
Creatinine1, g/d 24.46 22.12 23.69 0.46 <0.01 0.99 <0.01 <0.01 
Volume1, L/d 14.31 21.24 24.10 13 <0.01 0.82 <0.01 0.07 
1Volume and mineral excretion was calculated using the formula 29 g creatinine excreted per kg of BW 
2Urine samples were taken on d -21, -14, and -7. 
3Treatment started -28 d prior to expected calving: CON offered a positive DCAD which averaged +6 mEq/100 g DM; LOW and HIGH offered a 
negative DCAD which averaged -24 mEq/100 g DM; 1) with no added Animate supplementation2 and 0.40% of DM of dietary Ca (CON); 2) with 
added Animate supplementation and 0.40% of DM of dietary Ca (LOW); or 3) with added Animate supplementation and 2.0% of DM of dietary Ca 
(HIGH). 















Table 4-21. Least squares means for urine minerals during the postpartum period by prepartum dietary anion-cation difference 
(DCAD) dietary treatment. 
 Treatment3    Contrasts4 
Urine2 CON (n = 27) LOW (n = 25) HIGH (n = 25) SE Trt Trt*Time 1 2 
Ca, mg/dL 1.05 3.53 2.46 1.1 0.29 0.83 0.16 0.49 
Na, mmol/L 91.34 74.58 98.58 7.1 0.03 0.03 0.54 0.01 
K, mmol/L 175.5 164.6 195.6 10 0.08 0.13 0.70 0.03 
Cl, mmol/L 53.83 85.20 97.77 6.8 <0.01 <0.01 <0.01 0.12 
Mg, mg/dL 13.12 14.01 13.42 1.5 0.89 0.62 0.72 0.76 
Creatinine, mg/dL 100.1 94.03 98.62 5.4 0.71 0.22 0.57 0.54 
pH 8.07 7.67 7.89 0.07 <0.01 <0.01 <0.01 0.02 
Ca, g/d 0.19 0.68 0.42 0.15 0.06 0.83 0.04 0.20 
Na, mmol/d 2230 2284 2614 252 0.46 0.08 0.45 0.33 
K, mmol/d 3815 3728 4410 184 0.01 0.40 0.22 0.01 
Cl, mmol/d 1285 2179 2270 169 <0.01 0.34 <0.01 0.67 
Mg, mg/d 2774 3147 3029 396 0.55 0.13 0.30 0.74 
Creatinine1, g/d 21.57 20.38 20.90 0.30 <0.01 0.90 <0.01 0.07 
Volume1, L/d 23.76 27.72 24.32 16 0.14 0.64 0.23 0.12 
1Volume and mineral excretion was calculated using the formula 29 g creatinine excreted per kg of BW 
2Urine samples were taken at 24 and 48 h after calving and then d 7. 
3Treatment started -28 d prior to expected calving: CON offered a positive DCAD which averaged +6 mEq/100 g DM; LOW and HIGH offered a 
negative DCAD which averaged -24 mEq/100 g DM; 1) with no added Animate supplementation2 and 0.40% of DM of dietary Ca (CON); 2) with 
added Animate supplementation and 0.40% of DM of dietary Ca (LOW); or 3) with added Animate supplementation and 2.0% of DM of dietary Ca 
(HIGH). 





Table 4-22. Frequency of cortisol values below or above the detectable threshold (27.6 nmol/L) 
and mean values of above-threshold samples by day relative to calving1 by prepartum dietary 
anion-cation difference (DCAD) dietary treatment. 
 Treatments2 
Day relative to calving 
CON (n=28) LOW (n =27) HIGH (n =26) 
































































1Blood samples were taken with 1 +/- 1 h of calving 
2Treatment started -28 d prior to expected calving: CON offered a positive DCAD which averaged +6 mEq/100 
g DM; LOW and HIGH offered a negative DCAD which averaged -24 mEq/100 g DM; 1) with no added 
Animate supplementation2 and 0.40% of DM of dietary Ca (CON); 2) with added Animate supplementation and 
































Table 4-23. Frequency of health disorders, by prepartum dietary anion-cation difference (DCAD) dietary 
treatment. 
 Treatment1 Contrast4 
















































































3.85 0.10 0.58 







23.08 0.63 0.79 
















30.77 0.88 0.93 
Adverse health score5 2.10 1.22 0.64 0.06 0.42 
1Treatment started -28 d prior to expected calving: CON offered a positive DCAD which averaged +6 mEq/100 
g DM; LOW and HIGH offered a negative DCAD which averaged -24 mEq/100 g DM; 1) with no added 
Animate supplementation2 and 0.40% of DM of dietary Ca (CON); 2) with added Animate supplementation and 
0.40% of DM of dietary Ca (LOW); or 3) with added Animate supplementation and 2.0% of DM of dietary Ca 
(HIGH). 
2Subclinical hypocalcemia (SCH) has been linked to ketosis, retained placenta, displaced abomasum, and milk 
fever 
3Infection related disorders include fever, mastitis, and metritis 
4The preplanned contrast statements were (1) CON vs the average of HIGH and LOW and (2) HIGH vs LOW 
5Calculated as a sum of health events weighted as: no event = 0, ketosis = 2, retained placenta = 2, displaced 
abomasum = 3, milk fever = 2, diarrhea = 2, udder edema = 1, fever = 1, mastitis = 3, metritis = 2, euthanized = 







Table 4-24. Disease odds ratios, by prepartum dietary anion-cation difference (DCAD) dietary treatment.  
Odds ratios and 95% confidence interval determined for cows diagnosed and treated at any time between 
calving and 73 DIM presented as a binary event occurrence. 
Variable Contrast Coefficient SEM 
Odds 
ratio2 95% CI P 
Ketosis4 
 
CON vs LOW 0.268 0.73 1.31 0.31-5.51 0.72 
CON vs HIGH 0.555 0.79 1.74 0.37-8.18 0.48 
 LOW vs HIGH 0.288 0.82 1.33 0.27-6.64 0.73 
Udder edema 
CON vs LOW 0.268 0.73 1.31 0.31-5.51 0.72 
CON vs HIGH 1.003 0.89 2.73 0.48-15.5 0.26 
 LOW vs HIGH 0.736 0.91 2.09 0.35-12.5 0.42 
Fever CON vs LOW 0.777 0.91 2.17 0.36-13.01 0.40 
 CON vs HIGH 0.736 0.91 2.09 0.35-12.51 0.42 
 LOW vs HIGH -0.041 1.04 0.96 0.13-7.37 0.97 
Mastitis CON vs LOW -0.446 0.96 0.64 0.10-4.17 0.64 
 CON vs HIGH 0.693 1.26 2.00 0.17-23.5 0.58 
 LOW vs HIGH 1.139 1.19 3.13 0.30-32.2 0.34 
Retained 
placenta 
CON vs LOW 0.446 0.96 1.56 0.24-10.2 0.64 
CON vs HIGH 0.406 0.96 1.50 0.23-9.80 0.67 
 LOW vs HIGH -0.041 1.04 0.96 0.13-7.37 0.97 
Displaced 
abomasum 
CON vs LOW 0.732 1.26 2.08 0.18-24.4 0.56 
CON vs HIGH 0.693 1.26 2.00 0.17-23.5 0.58 
 LOW vs HIGH -0.039 1.44 0.96 0.06-16.2 0.98 
Milk fever CON vs LOW -0.446 0.96 0.64 0.10-4.17 0.64 
 CON vs HIGH - - - - - 
 LOW vs HIGH - - - - - 
Euthanized CON vs LOW 0.777 0.91 2.17 0.36-13.0 0.40 
 CON vs HIGH 1.469 1.15 4.35 0.45-41.8 0.20 




CON vs LOW 0.470 0.77 1.60 0.35-7.4 0.54 
CON vs HIGH 0.981 0.89 2.67 0.45-15.7 0.27 




CON vs LOW 0.432 0.75 1.54 0.34-6.9 0.57 
CON vs HIGH 0.655 0.84 1.93 0.36-10.3 0.44 
LOW vs HIGH 0.223 0.92 1.25 0.20-7.8 0.81 
All disorders 
 
CON vs LOW 0.383 0.55 1.47 0.50-4.3 0.48 
CON vs HIGH 0.590 0.57 1.81 0.59-5.5 0.30 
LOW vs HIGH 0.207 0.58 1.23 0.39-3.9 0.72 
1Treatment started -28 d prior to expected calving: CON offered a positive DCAD which averaged +6 mEq/100 
g DM; LOW and HIGH offered a negative DCAD which averaged -24 mEq/100 g DM; 1) with no added 
Animate supplementation2 and 0.40% of DM of dietary Ca (CON); 2) with added Animate supplementation and 
0.40% of DM of dietary Ca (LOW); or 3) with added Animate supplementation and 2.0% of DM of dietary Ca 
(HIGH). 
2Exponentiated contrast values of the binary dataset. 
3Subclinical hypocalcemia (SH) has been linked to ketosis, retained placenta, displaced abomasum, and milk 
fever 
4Infection (INF) related disorders include fever, mastitis, and metritis  
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Table 4-25. Frequency of subclinical health disorders, by prepartum dietary anion-cation difference (DCAD) 
dietary treatment. 
 Treatment1 Contrasts5 
Variable CON (n = 28) LOW (n = 27) HIGH (n = 26) 1 2 
Subclinical 
hypocalcemia2      
   At calving 
   % 









0.92 <0.01 0.89 
   24 h postpartum 
   % 









0.91 0.10 0.12 
   48 h postpartum 
   % 









0.93 0.48 0.20 
   4 d postpartum 
   % 









- 0.97 - 
Subclinical ketosis4      
   7 DIM 






19.23 0.51 0.76 
   14 DIM 






8.00 0.36 - 
   21 DIM 






12.00 0.38 0.64 
   28 DIM 






12.00 0.82 0.64 
1Treatment started -28 d prior to expected calving: CON offered a positive DCAD which averaged +6 mEq/100 
g DM; LOW and HIGH offered a negative DCAD which averaged -24 mEq/100 g DM; 1) with no added 
Animate supplementation2 and 0.40% of DM of dietary Ca (CON); 2) with added Animate supplementation and 
0.40% of DM of dietary Ca (LOW); or 3) with added Animate supplementation and 2.0% of DM of dietary Ca 
(HIGH). 
2Subclinical hypocalcemia was measured as blood iCa levels falling below 1.0 mmol/L at 24 h after calving 
3Measurements that fell below the subclinical hypocalcemic threshold were averaged 
4Subclinical ketosis was measured as plasma BHB concentrations rising above 1.0 mmol/L 















Table 4-26. Subclinical disorders odds ratios, by prepartum dietary anion-cation difference (DCAD) 
dietary treatment. 
Variable Contrast1 Coefficient SEM Odds ratio2 95% CI P 
Subclinical hypocalcemia3       
   At calving CON vs LOW 2.069 0.63 7.92 2.29-27.40 <0.01 
 CON vs HIGH 1.974 0.64 7.20 2.07-25.08 <0.01 
 LOW vs HIGH -0.095 0.70 0.91 0.23-3.61 0.89 
   24 h postpartum CON vs LOW 1.339 0.62 3.81 1.12-12.95 0.03 
 CON vs HIGH 0.327 0.55 1.39 0.49-4.10 0.55 
 LOW vs HIGH -1.012 0.639 0.36 0.10-1.27 0.11 
   48 h postpartum CON vs LOW 1.044 0.89 2.84 0.50-16.14 0.24 
 CON vs HIGH -0.095 0.70 0.91 0.23-3.61 0.89 
 LOW vs HIGH -1.139 0.89 0.32 0.06-1.83 0.20 
Subclinical ketosis4       
   7 DIM CON vs LOW 0.506 0.72 1.66 0.41-6.78 0.48 
 CON vs HIGH 0.283 0.68 1.33 0.35-5.06 0.68 
 LOW vs HIGH -0.223 0.738 0.80 0.19-3.40 0.76 
   14 DIM CON vs LOW 0.69 0.91 2.00 0.33-12.02 0.45 
 CON vs HIGH 0.69 0.91 2.00 0.33-12.02 0.45 
 LOW vs HIGH - - - - - 
   21 DIM CON vs LOW 0.357 0.72 1.43 0.35-5.83 0.62 
 CON vs HIGH 0.740 0.77 2.10 0.46-9.48 0.34 
 LOW vs HIGH 0.383 0.82 1.47 0.29-7.37 0.64 
   28 DIM CON vs LOW 0.406 0.96 1.50 0.23-9.83 0.67 
 CON vs HIGH -0.044 0.87 0.96 0.17-5.26 0.96 
 LOW vs HIGH -0.450 0.96 0.64 0.10-4.19 0.64 
1 Treatment started -28 d prior to expected calving: CON offered a positive DCAD which averaged +6 mEq/100 
g DM; LOW and HIGH offered a negative DCAD which averaged -24 mEq/100 g DM; 1) with no added 
Animate supplementation2 and 0.40% of DM of dietary Ca (CON); 2) with added Animate supplementation and 
0.40% of DM of dietary Ca (LOW); or 3) with added Animate supplementation and 2.0% of DM of dietary Ca 
(HIGH). 
2Exponentiated contrast values of the binary dataset. 
3Subclinical hypocalcemia was measured as blood iCa levels falling below 1.0 mmol/L at 24 h after calving 
4Subclinical ketosis was measured as plasma BHB concentrations rising above 1.0 mmol/L any time within the 





Figure 4-1: Least squares means and standard errors of dry matter intake (DMI) during the dry period of cows who were given one of 
three prepartum dietary anion-cation difference (DCAD) dietary treatments starting at wk 4 prepartum: 1) with no added Animate 
supplementation and 0.40% of DM of dietary Ca (CON); 2) with added Animate supplementation and 0.40% of DM of dietary Ca 
(LOW); or 3) with added Animate supplementation and 2.0% of DM of dietary Ca (HIGH).  Animate supplementation was used to 
alter the prepartum DCAD: CON offered a positive DCAD which averaged +6 mEq/100 g of DM; LOW and HIGH offered a negative 
























Figure 4-2: Least squares means and standard errors of iCa measurements taken with the cow-side iSTAT for final cows who were 
given one of three prepartum dietary anion-cation difference (DCAD) dietary treatments: 1) with no added Animate supplementation 
and 0.40% of DM of dietary Ca (CON); 2) with added Animate supplementation and 0.40% of DM of dietary Ca (LOW); or 3) with 
added Animate supplementation and 2.0% of DM of dietary Ca (HIGH).  Blood samples were taken on d -7 prepartum based on 
expected calving, 5, and 14 (+/- 3 d).  Animate supplementation was used to alter the prepartum DCAD: CON offered a positive 
DCAD which averaged +6 mEq/100 g of DM; LOW and HIGH offered a negative DCAD which averaged -24 mEq/100 g of DM.  
























Figure 4-3: Least squares means and standard errors of milk yield and DMI summarized by week during the fresh period (the first 5 
wks postpartum) for cows who were given one of three prepartum dietary anion-cation difference (DCAD) dietary treatments: 1) with 
no added Animate supplementation and 0.40% of DM of dietary Ca (CON); 2) with added Animate supplementation and 0.40% of 
DM of dietary Ca (LOW); or 3) with added Animate supplementation and 2.0% of DM of dietary Ca (HIGH).  Animate 
supplementation was used to alter the prepartum DCAD: CON offered a positive DCAD which averaged +6 mEq/100 g of DM; LOW 
and HIGH offered a negative DCAD which averaged -24 mEq/100 g of DM.  Milk yield by treatment (P < 0.01) and DMI by 
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Figure 4-4: Least squares means and standard errors of milk yield summarized by week through the high period (10 wks postpartum) 
for cows who were given one of three prepartum dietary anion-cation difference (DCAD) dietary treatments: 1) with no added 
Animate supplementation and 0.40% of DM of dietary Ca (CON); 2) with added Animate supplementation and 0.40% of DM of 
dietary Ca (LOW); or 3) with added Animate supplementation and 2.0% of DM of dietary Ca (HIGH).  Animate supplementation was 
used to alter the prepartum DCAD: CON offered a positive DCAD which averaged +6 mEq/100 g of DM; LOW and HIGH offered a 
























Figure 4-5: Least squares means and standard errors of milk yield summarized by week through the high period (10 wks postpartum) 
for cows who were given one of three prepartum dietary anion-cation difference (DCAD) dietary treatments: 1) with no added 
Animate supplementation and 0.40% of DM of dietary Ca (CON); 2) with added Animate supplementation and 0.40% of DM of 
dietary Ca (LOW); or 3) with added Animate supplementation and 2.0% of DM of dietary Ca (HIGH).  Animate supplementation was 
used to alter the prepartum DCAD: CON offered a positive DCAD which averaged +6 mEq/100 g of DM; LOW and HIGH offered a 
negative DCAD which averaged -24 mEq/100 g of DM.  Milk yield by treatment (P < 0.01).  Wood’s lactation curve predictive 
equation: Milk yield (t) = a(t^b)(e^-ct), where Milk yield (t) = weekly milk yield at time t, a = initial milk yield, b = rate of increase 
until the peak is reached, c = rate of decline after peak, t = week (1-10 wk) (Wood, 1967).  Plateau, broken line model: Milk yield (t) = 
b0 + b1*min(time, t), where Milk yield (t) = weekly milk yield at time t, b0 = y intercept of milk yield, b1 = rate of increase until the 
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Figure 4-6: Scatter plot of urine pH by cow values over the pre and postpartum for cows who were given one of three prepartum 
dietary anion-cation difference (DCAD) dietary treatments: 1) with no added Animate supplementation and 0.40% of DM of dietary 
Ca (CON); 2) with added Animate supplementation and 0.40% of DM of dietary Ca (LOW); or 3) with added Animate 
supplementation and 2.0% of DM of dietary Ca (HIGH).  Animate supplementation was used to alter the prepartum DCAD: CON 
offered a positive DCAD which averaged +6 mEq/100 g of DM; LOW and HIGH offered a negative DCAD which averaged -24 
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Figure 4-7: Least squares means and standard errors of urine pH values over the pre and postpartum for cows who were given one of 
three prepartum dietary anion-cation difference (DCAD) dietary treatments: 1) with no added Animate supplementation and 0.40% of 
DM of dietary Ca (CON); 2) with added Animate supplementation and 0.40% of DM of dietary Ca (LOW); or 3) with added Animate 
supplementation and 2.0% of DM of dietary Ca (HIGH).  Animate supplementation was used to alter the prepartum DCAD: CON 
offered a positive DCAD which averaged +6 mEq/100 g of DM; LOW and HIGH offered a negative DCAD which averaged -24 
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Chapter 5: Transition Cow Nutrition: Effects of Two Different Dietary Strategies using 
Feed Additives on Immune Function 
INTRODUCTION 
Health in dairy cows can be affected by many different factors during the transition 
period, which encompasses the 3 wk before and after calving (Grummer, 1995).  While cows are 
generally immunosuppressed during this time, a wide variety of solutions have been proposed to 
alleviate specific stressors that can lead to common metabolic disorders (Goff et al., 2014; Leno 
et al., 2017b).   There exists conflicting schools of thought defending reactive verses proactive 
treatment methods, i.e., whether to treat the signs or prevent the disorders from occurring.  
Through the inclusion of feed additives, producers may have the ability to discreetly supply the 
animal’s innate immune system with substrates in anticipation of calving.  Saccharomyces 
cerevisiae, specifically products that include the fermentation product (SCFP) or growth culture, 
can be used to provide additional substrates, such as antioxidants.    
Stabilizing the rumen environment, using SCFP, has the capacity to aid the innate 
immune system at the time of calving through the control of inflammation, affecting the cow’s 
general health (Bradford et al., 2015).  Another approach is to manipulate the mineral balance of 
the dry cow diet using anionic salts, measured through the dietary cation anion difference 
(DCAD), to prime the calcium (Ca) homeostasis pathways prior to calving (USDA, 2014).  This 
can reduce the risk of fresh-cow metabolic disorders by minimizing the decrease in blood 
calcium concentration, thereby reducing subclinical hypocalcemia (SCH) that is linked to the 
suppression of immune functions (Ducusin et al., 2003).   
These types of supplements and diet modifications targeting the immune system are 




cow’s success.  By challenging collected blood with a bacterial pathogen to test the activity of 
neutrophils and monocytes in vitro, it is possible to track how the feed supplements such as 
anionic salts and SCFP modifiers may influence the immune system during the transition period 
(Ballou et al., 2012).   
For the purpose of evaluating the innate immune response in transitioning dairy cows, we 
focused on the activity of neutrophils and monocytes.  These cells are responsible for detecting 
and eliminating infectious bacteria and other pathogens (Manimaran et al., 2016).  Neutrophils 
are mainly used to evaluate the effectiveness of the innate immune system because they make up 
60 to 70% of the circulating leucocytes.  They are also large cells with a complex nuclei that can 
be easily differentiated from other leucocytes.  Neutrophil kinetics is dependent on the 
chemoattractant produced by inflammation, bacterial stimulation, the animal’s energy state, and 
hormonal influences (Manimaran et al., 2016).  Monocytes have high affinity receptors for 
lipopolysaccharides that are located on the outer layer of bacteria. Monocytes are thought to 
work in tandem with neutrophils as they share the phagocytosis mechanism of engulfing targeted 
particles.  While only present in small numbers in circulation, monocytes have a longer period of 
activity before degradation and assist in identifying pathogens to the adaptive immune system 
based on lymphocyte activity (Manimaran et al., 2016).   
Minor stresses, such as pen movement, have little to no effect on the innate immune 
system measured through neutrophil activity, indicating the stability of these functions (Silva et 
al., 2013).  By responding to an animal’s energy state and hormonal balance, but not being 
subject to small environmental stressors, cellular activity of the innate immune system can be 
used to help decipher what is happening within the cow during the transition period.  Quantifying 




invading bacteria through an oxidative reaction can be used to measure the innate immune 
system’s natural behavior during the transition period. 
Therefore, the aim of this investigation was to evaluate function of cells of the innate 
immune system (neutrophils and monocytes) during the transition period from cows subjected to 
dietary manipulation before calving in two studies.  The objective of study 1 (see Chapter 3) was 
to evaluate three SCFP, the commercially available XPCTM product (XPC) and two 
concentrations of the NutriTek product (Low: NTL and High: NTH), against a corn control 
(CON) on transitional health through their impact on the innate immune system.  The objective 
of study 2 (see Chapter 4) was to evaluate three different DCAD strategies in diets for dry cows: 
1) a small positive DCAD with low dietary Ca (0.4% of DM; CON); 2) a negative DCAD diet 
using Animate® supplementation with low dietary Ca (0.4% of DM; LOW); or 3) a negative 
DCAD diet using Animate® supplementation with added dietary Ca (2.0% of DM; HIGH), on 
reducing the occurrence of SCH and the impact on the transitional innate immune system.   
MATERIALS AND METHODS 
Cow Enrollment 
One hundred multiparous Holstein cows in study 1 and 81 in study 2 were provided by 
the University of Illinois Lincoln Avenue Dairy facility in Urbana-Champaign, Illinois, USA.  
All procedures involving animals were conducted in accordance with the University of Illinois 
Institutional Animal Care and Use Committee (IACUC protocol 16115). 
Cows were enrolled during the close-up dry period, 26 days before their expected calving 
date in study 1, and the far-off dry period, 50 days before their expected calving date in study 2, 
and remained on trial until 70 days post-partum.  Treatments began -28 days prior to expected 




These exclusions were based on the difference in nutritional requirements needed for still-
growing heifers and cows carrying multiple calves.  Cows were dropped from the trials in the 
pre-partum period if they calved less than 14 days after beginning treatment or if they produced 
undiagnosed twins.   
Treatments   
Cows were blocked for treatment assignment based on parity, with cows entering into 
their second gestation in one block and cows entering into their third or greater lactation in 
another block.  Cows were also blocked based on expected calving date, with all four treatments 
in study 1 and all three treatments in study 2 represented in each group of four or three cows 
within the previously described blocks.  The treatments were further balanced based on previous 
milk production and prepartum BCS.  Previous milk production was obtained from PC Dart and 
past 305-d milk production was classified as high if it was above 10,455 kg in study 1 and 
25,000 lbs in study 2.  Body condition score was assigned at the beginning of the close-up period 
and was classified as high if above 3.5 on the 5-point dairy scoring scale (Edmondson et al., 
1989).  Treatments were balanced to be equally represented in high and low milk producers, as 
well as in under- and over-conditioned cows. 
In study 1, four treatments were provided as a top dress in a mixture of ground corn that 
equaled a total of 50 g/d and was given to each cow in the morning once daily during both the 
pre- and postpartum period.  A negative (CON) and positive (XPC) controls delivered either 50 
g of ground corn or ground corn mixed with a commercial yeast culture product (XPCTM, 
Diamond V, Cedar Rapids, IA) to equal 50 g/d, respectively.  The other two treatments were a 




high inclusion rate.  The lower inclusion rate of NutriTek ® (NTL) and the higher inclusion rate 
of NutriTek ® (NTH), remained unknown to the research personnel for this blinded study. 
In study 2, three treatments were provided as complete total mixed rations.  The base diet 
were kept consistent throughout the trial and the added concentrate was adjusted to obtain the 
target DCAD level.  The control diet (CON), fed to all far-off cows and control treatment close-
up cows, included the base diet of corn silage, wheat straw, soy hulls, corn gluten feed pellets, 
and the control concentrate with a slightly positive DCAD.  Wheat middlings and a clay filler 
were used to maintain ingredients at the same percentage of DM as the other two treatments.  
The CON diet was formulated to provide a limited calcium supply of less than 50 g/cow daily.  
The second diet included the addition of Animate® anionic salts (LOW), in place of wheat 
middlings in CON, to target a negative DCAD around -10 mEq/100 g of DM to maintain urine 
pH within the range of 5.5 and 6.0, averaging 5.8.  Calcium was still limited to less than 50 g/ 
cow daily.  The third diet included the addition of calcium carbonate (HIGH), in place of the  
clay in CON to provide 180 g/cow daily, with the same target negative DCAD around -10 
mEq/100 g of DM to maintain cow urine pH within the range of 5.5 and 6.0, averaging 5.8. 
Sample Collection 
In study 1, samples of whole blood were collected in 10-mL green top, heparinized 
lithium tubes at days -17 and -7 prior to expected calving and at days 5 and 14 postpartum.  In 
study 2, samples of whole blood also were collected in green top, heparinized lithium, tubes at 
day -10 prior to calving and at days 5 and 14 postpartum.  Samples then were analyzed for 
activities of phagocytosis and oxidative burst by neutrophils and monocytes according to Hulbert 
et al. (2011).  Samples were analyzed at the flow cytometry facility at the University of Illinois 




The protocol included the use of four separate fluorescent-labeled probes.  An anti-
human CD14 antibody bound with an APC fluorescent with cross-reactivity to cattle was used to 
bind to monocytes.  A CH138a antibody reactive to bovine that specifically binds to 
granulocytes (neutrophils) was used but was not prelabeled with a fluorescent.  Goat anti-mouse 
IgM, human ads-PE was added to bind with CH138a to fluoresce in opposition to APC.  
Dihydrorhodamine (DHR) 123 was added to fluoresce in response to H2O2 accumulation from 
the direct result of oxidative burst activity.  Dihydrorhodamine 123 freely enters the cell 
membrane and after oxidation by reactive oxidative species is converted to rhodamine 123, 
which emits a fluorescent signal.  The E. coli challenge strain developed by the Ballou lab at 
Texas Tech University was bound to a PI fluorescent.   
Before the analysis, preparation began by diluting powdered phosphate-buffered saline 
(PBS) solution into 1x and 5x solutions.  DHR 123 was dissolved in dimethyl sulfoxide (DMSO) 
to 5mM.  The dilution equation was calculated as 2 mg DHR 123 at 346.38 mg/mmol which 
resulted in 0.00577401 mmol.  The stock solution was divided into 5 µM that resulted in 
1.154802 mL of DMSO.  The working solution was further diluted to 100 µM by adding 25 µL 
of the stock solution to 1225 µL of 1x PBS.  The E. coli bacteria was validated using 40 µL 
incubated for 10 min to achieve 60% of the oxidative burst activity.  The CD14 antibody stock 
solution of 200 µg/mL was diluted by adding 5 µL to 95 µL of 1 part PBS to equal 100 µL.  The 
CH138a antibody stock solution of 0.4 mg/mL was diluted to 15 µg/mL by adding 3.75 µL to 
96.25 µL of 1x PBS to equal 100 µL.  The PE fluorescent stock solution of 0.5 mg/mL was 
diluted to 0.004 µg/µL by adding 8 µL to 992 µL of 1x PBS, based on recommendations of 0.1 




Thirty min prior to the beginning of the analysis, the DHR 123 and PI bound bacteria 
were removed from -20°C freezer storage and placed in a dark area to thaw.  A water bath was 
prepared at 38.5°C in reference to the body temperature of cattle.  Labels were prepared for 5 mL 
Falcon tubes for a control sample and a challenged sample.  Tubes were placed on ice for 15 min 
to reduce the shock of the sample.  The analysis then began by transferring 200 µL of 
heparinized whole blood to each Falcon tube no later than 1 h after the time of collection.  DHR 
123 was added to each tube at a volume of 40 µL and then 40 µL of the sourced bacteria was 
added only to the challenge labeled sample.  In study 2, a different batch of the PI bacteria was 
used in the analysis and when optimized in this protocol, the challenge was changed to 80 µL of 
the tagged bacteria.  All tubes were then vortexed.  All samples were incubated for 10 min in the 
water bath under a cover for light protection.  Immediately after removal from the water bath, 
800 µL of ice cold MilliQ water was added to each sample to lyse cells and halt activity.  Each 
sample then was capped and inverted several times until there was no clump of red blood cells 
gathered at the bottom of the tube.  Tubes then were uncapped and 200 µL of 5x PBS was added 
and the samples were inverted again.  The samples were centrifuged for 5 min at 4°C at ~400 × g 
and then removed and placed on ice.  Samples were aspirated to approximately 100 µL and then 
washed by adding 2 mL of 1x PBS to each tube and inverted.  Samples were centrifuged again 
for 5 min at 4°C at ~400 × g  and then aspirated again to approximately 100 µL.  One dose (100 
µL) of CD14 antibody was added to each tube, and the tube was vortexed to mix and then 
incubated for 20 min on ice under protection from light.  Samples were washed again using 2 mL 
of 1x PBS and inverted, centrifuged for 5 min at 4°C at ~400 × g  and then aspirated to 
approximately 100 µL.  One dose of CH138a, 100 µL, and PE fluorescent, 50 µL, was added, 




one more time by adding 2 mL of 1x PBS to each tube, vortexed, and centrifuged for 3 min at 
4°C at ~400 × g .  After aspirating the tubes to approximately 100 µL, 500 µL of 1x PBS was 
added and vortexed before the contents were applied to a flow cytometer. 
In study 1, an additional serum samples were collected at calving, 1, 2, and 5 d 
postpartum and analyzed for total Ca by the University of Illinois Diagnostic Lab Services 
(Urbana, IL 61801).  In study 2, whole blood was also collected at calving, 24 h, 48 h, and d 4 
after calving and analyzed for ionized Ca levels using a portable ISTAT device (Abbott, 
Princeton, NJ).  Subclinical hypocalcemia was determined if total Ca fell below 8.0 mg/dL or 
ionized Ca fell below 1.0 mmol/L, 24 h after calving (Martinez et al., 2014; Mulligan et al., 
2006). 
Statistical Analysis 
Immunology results were tested using SAS 9.4 in a mixed model.  Residuals were 
calculated in Proc Regression of each variable by treatment.  The residuals were then tested for 
homoscedasticity and normality using Proc Univariate and the variable was log transformed, as 
needed, for the residuals to meet these conditions.   
Study 1: Y = β0 + β1Treatment + β2SampleDate + β3Teatment*SampleDate + β4Diet + 
β5Treatment*Diet + Σ12345 
Study 2: Y = β0 + β1Treatment + β2SampleDate + β3Teatment*SampleDate + Σ123 
A Proc Mixed model was created with subject was cow, week or sample day used as a 
repeated measure, fixed effects of diet and treatment, and a random effect of block.  Covariates 
of parity groups, previous milk production (ranking within herd), and initial BCS (over or under 




was used to compare Ca concentrations at calving and day one with the basic immunological 
functions, phagocytosis and oxidative burst activity for neutrophils and monocytes.   
Study 1 used preplanned contrast statements comparing a corn control with the Diamond 
V commercially available XPC ® production (CON vs XPC), comparing the commercially 
available XPC to a low inclusion rate of commercially available Nutritek® (XPC vs NTH), and 
comparing inclusion rates of low or high Nutritek® levels (NTL vs NTH).  Study 2 used 
preplanned orthogonal contrast statements, organized to compare minimal Ca requirements in the 
CON treatment and an increase in the physiological requirement of Ca created by the addition of 
Animate ® [CON vs (LOW and HIGH)] and then to compare dietary Ca effect when used with 
an acidogenic dry cow diets (LOW vs HIGH). 
Study 1 and 2 were then further compared based on diagnosed subclinical hypocalcemia 
at 24 h after calving across both studies and how that affected the innate immune parameters 
measured.  A Proc Mixed model was created with fixed effects as SCH, study, the interaction of 
SCH and study, and a random effect of cow.  A regression analysis using the continuous 
variables of total Ca and iCa was also used to determine correlations between the immune 
parameters tested and the Ca status at 24 h after calving.  Significance was declared at P ≤ 0.05 
and trends were discussed at 0.05 < P ≤ 0.10.   
RESULTS AND DISCUSSION 
Study 1 
The results of these studies are first reported as comparisons among treatments within a 
study and then between studies.  Tables 5-1 through 5-8 and Figures 5-1 through 5-4 are specific 
to study 1.  Table 5-1 describes the averaged prepartum samples from days -17 and -7 (+/- 3 d), 




samples for phagocytosis and oxidative burst activity by neutrophils and monocytes.  Monocyte 
phagocytosis activity was greater in cows given NTH (30.6%) when compared to cows given 
NTL (25.5%; P = 0.05) in the prepartum period, but was no longer significant postpartum.  This 
indicates that cows receiving NTH had a more active immune system in the prepartum period 
when there should not be a challenge before calving.  However, that difference did not continue 
into the postpartum period when it could have affected the animal’s ability to protect against 
possible infections after calving.  There was no difference among treatments for neutrophils 
when averaging pre- or postpartum samples.   
Table 5-3 reports the differences of the postpartum samples from days 5, 14, and 28, 
compared to the before-calving sample at -7 day relative to expected calving.  While there was 
no difference among treatments when comparing -7 d to 5 or 14 DIM, there was a difference at 
28 DIM.  Cows given NTL had elevated neutrophil phagocytosis and oxidative burst activity 
when comparing -7 d to 28 DIM (4.58 and 3.72%) in contrast to cows given NTH (-8.92 and -
8.16%; P < 0.10).  This may indicate that cows given NTL were still experiencing bacterial 
challenges from calving or were unable to effectively fight off infections from earlier in the fresh 
period.  On the other hand, cows given NTH were below levels of activity seen prepartum, which 
may mean that the increase in activity at d 5 and 14 were sufficient to fight off infection.  This is 
important since an extended elevated immune response can be damaging to surrounding cells 
because of the continued release of free radicals.   
Neutrophils and monocytes play a key role in fighting infectious bacteria and removing 
dead cellular fragments to promote tissue recovery but, without safeguards in place, the immune 
systems response can be as damaging as the initial pathogens (Schukken et al., 2011).  Immune 




oxidative stress.  Lipid peroxidation can damage the FA in the cell membranes that produce 
reactive oxygen metabolites in large quantities that can then cause damage to other cells in a 
chain reaction (Spears and Weiss, 2008).  This would imply that the optimal immune response 
would remain low until challenges, quickly and effectively respond to the challenge, and then 
return to a lower level to prevent damage to surrounding cells.   
Table 5-4 then looks at monocytes in the same comparison of the difference between 5, 
14, and 28 DIM to -7 d prepartum.  Cows given XPC experienced a greater increase in monocyte 
phagocytosis and oxidative burst activity (10.74 and 10.72%) at 5 DIM in contrast to both the 
CON group (1.32 and 1.52%; P = 0.02) and the NTL group (-0.42 and 9.59%; P < 0.06).  At 14 
DIM cows given XPC still had greater monocyte phagocytosis activity (8.44%) when compared 
to cows given CON (-0.95%; P < 0.01), but was no longer different from cows given NTL (P < 
0.79).  This indicates an immediate immune response to calving in cows given XPC, a delayed 
reaction until 14 DIM for cows given NTL, and no response to calving in cows given CON.  
There was no difference among treatments at 28 DIM compared to -7 d prior to expected 
calving. 
To illustrate these changes, Figure 5-1 graphs the changes of neutrophil phagocytosis 
activity over time.  Cows given NTH showed the immediate increase after calving and slowly 
decreased to prepartum values while cows given NTL did not elevate after calving, but slowly 
increased to 28 DIM.  This pattern also was seen on a lesser scale in Figure 5-3 showing 
neutrophil oxidative burst activity.  Figures 5-2 and 5-4, graphing the phagocytosis and oxidative 
burst activity of monocytes, also showed low prepartum activity and an immediate reaction after 




The innate immune system functions off many Ca dependent reactions (Kimura et al., 
2002; Hammon et al., 2006); consequently, in a Ca-deficient environment these functions are 
impaired.  Chapinal et al. (2011), in sureying 55 US herds, reported that blood Ca concentrations 
below 2.2 mM (8.5 mg/dL) and defined as SCH, was associated with a 2.7 times greater chance 
of contracting a DA in early lactation (Chapinal et al., 2011).  Other SCH thresholds have been 
assessed at 2.0 mM (8.0 mg/dL), linking it to increased risk of metritis and other metabolic 
disorders (Martinez et al., 2012).  In Table 5-5, serum Ca is reported with no significant 
differences among treatments, but all treatment cow groups averaged below the threshold at 
calving and the 2.2 mM (8.5 mg/dL) threshold 1 d postpartum associated with subclinical 
hypocalcemia and greater risks of common metabolic disorders (Chapinal et al., 2011; Martinez 
et al., 2012; Mulligan et al., 2006).   
Table 5-6 presents correlations between phagocytosis and oxidative burst activity of 
neutrophils and monocytes at 5 DIM with serum total Ca concentrations at calving and one day 
postpartum.  Calcium 1 day after calving was correlated to neutrophil and monocyte 
phagocytosis activity, but only in cows given NTH (r = 0.55; P = 0.01 and r = 0.47; P = 0.03).  
This difference is interesting since the previous table and figures indicated that cows given NTH 
were able to quickly elevate immune activity, but without differences in serum Ca 
concentrations.  Table 5-7 also compares correlations between the innate immune system and 
colostrum production and quality.  The expected relationship between innate immune factors and 
immunoglobulin G concentrations was not observed in this analysis in any treatment cow groups.  
On the other hand, cows given NTL and NTH had correlations between colostrum production 
(kg) and neutrophil oxidative burst activity (P = 0.10 and P = 0.03), monocyte phagocytosis 




The correlations detected between specific immune functions by treatment indicates that 
some dietary influence affected the immune parameters, but not consistently over all the 
parameters tested or connected to a specific feed additive treatment.  Lymphocytes in milk have 
been reported at higher numbers directly after calving and steadily decline after the start of 
lactation, with phagocytosis activity at its highest in day 1 colostrum (Dang et al., 2010).  This 
could indicate that colostrum production may rely on a link between circulating immune cells 
and lymphocytes excreted in the colostrum, but the differences between treatments indicates a 
possible dietary influence that was not reflected in all treatment groups. 
Immune factors from calves born from cows given the treatments during the prepartum 
period also were analyzed at day 5 (+/- 1 d) after calving, and results are reported in Table 5-8.  
There was no difference among calves based on their dam’s treatment groups, which follows the 
similar prepartum immune functions and the lack of difference in IgG concentration in colostrum 
that was fed to the calves.  
Study 2 
Tables 5-9 through 5-12 and Figures 5-5 through 5-8 are specific to study 2.  Tables 5-9 
and 5-10 report the differences of the postpartum samples (5 and 14 DIM) compared to the 
before-calving sample (-10 days relative to expected calving) for both neutrophil and monocyte 
activity.  Comparing cows given CON to the average of cows given LOW and HIGH showed no 
difference in either neutrophils (Table 5-9) or monocytes (Table 5-10).  When contrasting cows 
given LOW vs HIGH at 5 DIM, cows given LOW had a significantly greater change in 
neutrophil oxidative burst activity and cell count (11.84% and 1285 count) when compared to 
cows given HIGH (2.55% and -128 count; P < 0.05).  Other immune factors were not different 




monocyte phagocytosis and oxidative burst activity, show high variation among treatment groups 
and little change from the pre- and postpartum sample variables.   
Ionized Ca was analyzed in whole blood at calving, 24 h, 48 h, and d 4 postpartum (Table 
5-11), and a threshold of below 1.0 mmol/L at 24 h after calving was used to determine SCH 
(Martinez et al., 2014).  Cows fed LOW or HIGH had greater iCa concentration at calving (1.10 
and 1.11 mmol/L) and 24 h postpartum (1.11 and 1.05 mmol/L) when compared to cows given 
CON prepartum (0.98 mmol/L; P < 0.01) and cows fed LOW had greater iCa than cows fed 
HIGH (P = 0.03).  So while CON cows fell below the circulating iCa threshold at this time point 
and could be considered to have SCH, both LOW and HIGH cows were above the cut-off.  By 
48 h and d 4 after calving there was no difference among treatments.  There was also no 
difference in colostrum production or quality among treatments. 
Table 5-12 compares immune parameters and colostrum production to the iCa 
concentrations at 24 h and 4 d postpartum through Pearson correlations.  Ionized Ca at 4 DIM 
was associated with neutrophil phagocytosis activity and monocyte phagocytosis and oxidative 
burst activity for cows given CON or LOW (P < 0.01) and tended to be associated for cows 
given HIGH (P < 0.10).  This relationship indicates that iCa concentrations measured closest to 
the time of assessing the immune parameters was more likely to be associated than earlier 
samples commonly used to determine cases of SCH. This idea would confirm an earlier study 
that emphasized the draw of iCa from the cytosol during neutrophil stimulation, but reported 
similar circulating iCa prior to stimulation even after inducing SCH using ethylene glycol 
tetraacetic acid to lower iCa to <1.0 mM for 24 h (Martinez et al., 2014).  
 Table 5-13 compares immune parameters to colostrum production.  The data indicated a 




= 0.02) when compared to neutrophil oxidative burst activity at 5 DIM only in cows fed HIGH 
during the prepartum period.  Kimura et al. (2006) demonstrated the pre-fresh dairy cows’ draw 
on intracellular Ca stores from the endoplasmic reticulum used to maintain plasma Ca 
concentration during the initial colostrum production.  This preliminary exhaustion of Ca stores 
correlated to the onset of clinical hypocalcemia days before it was measured through the 
circulating Ca concentrations (Kimura et al., 2006).  This may help explain why an association 
was observed between some of the immune functions tested at 5 DIM and earlier colostrum 
production.  In cows fed an acidogenic close-up diet with supplemented dietary Ca some 
immune activity may have been negatively impacted during the first week postpartum, but this 
was not seen in cows fed the same prepartum diet without additional dietary Ca that produced 
similar colostrum production (P > 0.10).  Coupled with the earlier observation of greater 
neutrophil oxidative burst activity in cows fed LOW when compared to HIGH (P < 0.05), cows 
fed LOW, without the additional prepartum dietary Ca, may have promoted a more immediate 
adaptation to calving when compared to cows fed HIGH. 
Study Comparison 
To investigate the impact of SCH within 24 h of calving on postpartum innate immune 
function across both studies, we compared study, SCH (yes or no), and the interaction between 
study and SCH (Tables 5-14 and 5-15).  No difference was observed by SCH or the interaction 
of SCH and study for the transition from prepartum to postpartum innate immune factors tested 
at 5 or 14 DIM.  Study differences were significant at d 5, accounting for numerous changes 
including year, cows, diet, and other unmeasured random factors, but without providing a clear 
explanation of what is impacting the innate immune functions.  Table 5-16 reports an additional 




on the study, and also found no significant correlation between Ca status and any of the immune 
parameters tested.  The differences expected when comparing cows with or without SCH or a 
general correlation between Ca and the innate immune system’s change from prepartum to 
postpartum activity were not seen in these studies.  This may indicate that either the occurrence 
of SCH prior to immune function analysis did not affect later immune assessments or that SCH 
defined at the Ca thresholds used was not low enough to impact innate immune function.  
Figures 5-9 through 5-12 illustrate the scatter plots of Ca status as 24 h after calving with the 
immune parameter and overlaid with the regression line for each analysis described in Table 5-
16.  No strong correlations were detected between the Ca status and immune parameters in any 
of the analyses. 
The determination of SCH based on a total calcium cut-off of 8.0 mg/dL (2.0 mM;) or an 
iCa cut-off of 1.0 mM has been based on an increased risk of other common metabolic disorders, 
such as metritis or ketosis (Reinhardt et al., 2011; Oetzel et al., 1988).  However, this does not 
mean that the increased risk of experiencing other health events is a result of impaired immune 
function, since Ca also impacts smooth muscle contractions that can affect the occurrence of 
retained placenta and displaced abomasum (Wilde, 2006).  Ducusin et al. (2003) removed live 
polymorphonuclear leukocytes from a cow experiencing clinical hypocalcemia.  The study 
reportedly found that phagocytosis activity was impaired, but when Ca was added to the growth 
medium, intracellular Ca stores were replenished and phagocytosis activity was restored 
(Ducusin et al., 2003).  Studies using in vitro methods to demonstrate phagocytosis activity 
reliance on Ca through the artificial removal of Ca does not translate to subclinical cases of 
hypocalcemia in vivo. On the other hand, Leno et al. (2017) reported whole blood neutrophil 




not influenced by iCa or total Ca drops prior to the analysis (Leno et al., 2017a).  This would 
agree with the previously discussed study by Martinez et al. (2014) underscoring the greater 
association of Ca status at the time of assessment when compared to previous minor circulating 
Ca dips that did not reach clinical levels (Martinez et al., 2014).   
CONCLUSIONS 
The innate immune system, measured through neutrophil and monocyte phagocytosis and 
oxidative burst activity, is highly variable and can be influenced by a number of factors.  By 
analyzing the change from prepartum to postpartum on an individual cow level we hoped to 
reduce the cow to cow variation and determine if the dietary strategies in study 1 or 2 were able 
to impact the immune factors tested.  No differences were observed when comparing the 
treatment groups in study 2 and, while NTL in study 1 appeared to have suppressed some 
immune function in the prepartum period, the exact mechanism by which this occurred remains 
unknown.  The dietary strategies explored in either study 1 and 2 did not appear to promote 
additional postpartum function when compared to other treatments within the study, but 
comparing studies did indicate a difference between trials.  Having used the same animals in 
both studies, under the same management, and housed in the same facilities, there are still 
numerous factors that may impact immune responsiveness to the challenges of calving, but 
without enough differences among the feed additives under review to determine significance.  
Neither total Ca nor ionized Ca, measured at 24 h postpartum, had an effect on d 5 in vitro 
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Table 5-1. Study 1: Least squares means for phagocytosis activity and oxidative burst activity of neutrophils and monocytes during the 
prepartum period1  
 Treatments2   Contrast (P values) 
Variable 
CON 
n = 32 
XPC 
n = 23 
NTL 
n = 21 
NTH 



















Neutrophils              
   Phagocytosis,3 % 56.7 56.3 52.0 56.7 2.9 0.46 0.09 0.49 0.64 0.66 0.90 0.21 0.22 
   Phagocytosis, count4 6334 5989 5675 6230 402 0.45 0.12 0.30 0.83 0.51 0.39 0.50 0.26 
   Oxidative burst,5 % 46.7 48.5 45.5 50.5 3.2 0.54 0.21 0.59 0.92 0.58 0.56 0.43 0.20 
   Oxidative burst, count4 3406 3281 3018 3533 390 0.71 0.17 0.61 0.83 0.69 0.74 0.56 0.28 
   Oxidative burst,6 GM7 38.0 38.6 38.5 39.8 8.6 0.83 0.58 0.47 0.21 0.34 0.89 0.76 0.42 
Monocyte              
   Phagocytosis,3 % 29.6 27.0 25.5 30.6 2.1 0.12 0.44 0.23 0.35 0.64 0.20 0.55 0.05 
   Phagocytosis, count4 39 17 23 20 12 0.17 0.91 0.53 0.28 0.59 0.05 0.68 0.85 
   Oxidative burst,5 % 20.8 18.8 18.4 21.6 1.8 0.30 0.74 0.67 0.89 0.82 0.25 0.85 0.15 
   Oxidative burst, count4 9.7 4.8 4.7 6.5 3.2 0.28 0.94 0.58 0.71 0.45 0.11 0.98 0.63 
   Oxidative burst,6 GM7 5.0 4.9 5.0 5.2 0.87 0.33 0.17 0.32 0.88 0.48 0.43 0.61 0.90 
1Blood samples were taken on d -17 and -7 (+/- 3 d). 
2 Treatments consist of 50 g top dress mixtures of ground corn: 50 g of corn carrier (CON), 18 g of yeast fermentation product Diamond V’s original 
XPC (XPC), 19 g of yeast fermentation product Diamond V’s NutriTek (NTL), and 38 g of yeast fermentation product Diamond V’s NutriTek 
(NTH); starting at -26 d prior to expected calving 
3Phagocytosis of neutrophils and monocytes as a percentage of gated neutrophils and monocytes. 
4Cell count values calculated from the number of cells captured within the gate, converted using the percentages generated for phagocytosis and 
oxidative burst. 
5Oxidative burst of neutrophils and monocytes as a percentage of gated phagocytizing neutrophils and monocytes.  
6Data were log transformed for statistical analysis; LS means described in non-transformed values. 









Table 5-2. Study 1: Least squares means for phagocytosis activity and oxidative burst activity of neutrophils and monocytes during the 
postpartum period1  
 Treatments2       Contrast (P values) 
Variable 
CON 
n = 32 
XPC 
n = 23 
NTL 
n = 21 
NTH 



















Neutrophils              
   Phagocytosis,3 % 56.9 58.8 55.6 60.2 2.7 0.39 0.15 0.35 0.77 0.12 0.42 0.31 0.13 
   Phagocytosis, count4 6301 6537 6004 6457 342 0.59 0.12 0.04 0.45 0.06 0.43 0.19 0.25 
   Oxidative burst,5 % 47.7 49.4 49.0 51.7 2.9 0.42 0.13 0.19 0.36 0.03 0.47 0.89 0.38 
   Oxidative burst, count4 3330 3545 3315 3566 362 0.84 0.11 0.06 0.31 0.04 0.49 0.59 0.54 
   Oxidative burst,6 GM7 38.6 27.0 38.6 35.5 7.8 0.43 0.11 0.18 <0.01 0.42 0.21 0.18 0.86 
Monocyte              
   Phagocytosis,3 % 34.9 32.3 35.2 35.9 2.3 0.38 0.90 0.25 0.10 0.51 0.17 0.27 0.78 
   Phagocytosis, count4 61 32 62 40 18 0.26 0.53 0.64 0.56 0.51 0.07 0.16 0.31 
   Oxidative burst,5 % 23.3 20.8 27.5 24.8 2.1 0.04 0.91 0.38 0.20 0.17 0.16 0.01 0.27 
   Oxidative burst, count4 18.2 7.9 19.8 12.6 6.7 0.33 0.47 0.76 0.35 0.77 0.09 0.14 0.37 
   Oxidative burst,6 GM7 6.5 5.2 7.6 6.2 1.3 0.43 0.28 0.76 <0.01 0.73 0.40 0.47 0.43 
1Blood samples were taken on d 5, 14, and 28 +/- 1 d. 
2Treatments consist of 50 g top dress mixtures of ground corn: 50 g of corn carrier (CON), 18 g of yeast fermentation product Diamond V’s original 
XPC (XPC), 19 g of yeast fermentation product Diamond V’s NutriTek (NTL), and 38 g of yeast fermentation product Diamond V’s NutriTek 
(NTH); starting at -26 d prior to expected calving 
3Phagocytosis of neutrophils and monocytes as a percentage of gated neutrophils and monocytes. 
4Cell count values calculated from the number of cells captured within the gate, converted using the percentages generated for phagocytosis and 
oxidative burst. 
5Oxidative burst of neutrophils and monocytes as a percentage of gated phagocytizing neutrophils and monocytes.  
6Data were log transformed for statistical analysis; LS means described in non-transformed values. 










Table 5-3. Study 1: Least squares means for changes in phagocytosis activity and oxidative burst activity of neutrophils during the 
transition period1  
 Treatments2     Contrast (P values) 
Variable 
CON 
n = 32 
XPC 
n = 23 
NTL 
n = 21 
NTH 
















Day 5            
   Phagocytosis,3 % -0.221 5.753 -1.265 7.218 4.3 0.34 0.80 0.99 0.25 0.24 0.15 
   Oxidative burst,5 % -1.167 6.661 -0.481 8.783 4.7 0.22 0.91 0.98 0.16 0.26 0.14 
   Oxidative burst,6 GM7 11.123 19.975 0.370 -2.805 18 0.72 0.82 0.77 0.66 0.39 0.89 
Day 14            
   Phagocytosis,3 % -2.938 0.832 5.180 1.476 4.7 0.46 0.55 0.37 0.45 0.46 0.51 
   Oxidative burst,5 % 0.885 1.182 6.400 0.834 4.8 0.74 0.81 0.30 0.96 0.39 0.35 
   Oxidative burst,6 GM7 -3.445 -22.70 11.956 -10.975 16 0.36 0.45 0.88 0.26 0.09 0.24 
Day 28            
   Phagocytosis,3 % -6.550 -1.702 4.582 -8.915 5.1 0.17 0.49 0.21 0.34 0.32 0.05 
   Oxidative burst,5 % -4.249 -0.306 3.717 -8.156 5.4 0.29 0.81 0.22 0.45 0.54 0.08 
   Oxidative burst,6 GM7 -4.591 -15.62 -7.190 -14.706 18 0.90 0.31 0.47 0.51 0.69 0.73 
1Blood samples were taken on d 5, 14, and 28 +/- 1 d, and compared with sample at d -7. 
2Treatments consist of 50 g top dress mixtures of ground corn: 50 g of corn carrier (CON), 18 g of yeast fermentation product Diamond V’s original 
XPC (XPC), 19 g of yeast fermentation product Diamond V’s NutriTek (NTL), and 38 g of yeast fermentation product Diamond V’s NutriTek 
(NTH); starting at -26 d prior to expected calving 
3Phagocytosis of neutrophils and monocytes as a percentage of gated neutrophils and monocytes. 
4Cell count values calculated from the number of cells captured within the gate, converted using the percentages generated for phagocytosis and 
oxidative burst. 
5Oxidative burst of neutrophils and monocytes as a percentage of gated phagocytizing neutrophils and monocytes.  
6Data were log transformed for statistical analysis; LS means described in non-transformed values. 








Table 5-4. Study 1: Least squares means for changes in phagocytosis activity and oxidative burst activity of monocytes during the 
transition period1  
 Treatments2     Contrast (P values) 
Variable 
CON 
n = 32 
XPC 
n = 23 
NTL 
n = 21 
NTH 








XPC XPC vs NTL 
NTL vs 
NTH 
Day 5            
   Phagocytosis,3 % 1.323 10.740 -0.415 6.603 3.1 0.04 0.34 0.12 0.02 0.01 0.11 
   Oxidative burst,5 % 1.522 10.723 2.159 8.150 3.2 0.07 0.47 0.08 0.02 0.06 0.18 
   Oxidative burst,6 GM7 2.851 4.354 0.230 2.527 1.8 0.40 0.44 0.49 0.48 0.09 0.34 
Day 14            
   Phagocytosis,3 % -0.947 8.437 9.593 5.581 3.4 0.02 0.68 0.21 0.01 0.79 0.35 
   Oxidative burst,5 % 3.070 2.944 8.182 2.650 3.2 0.38 0.94 0.41 0.30 0.73 0.18 
   Oxidative burst,6 GM7 2.215 1.509 6.573 0.664 2.6 0.24 0.59 0.88 0.79 0.11 0.06 
Day 28            
   Phagocytosis,3 % 1.782 6.347 11.078 1.739 4.1 0.22 0.44 0.09 0.27 0.36 0.09 
   Oxidative burst,5 % 2.108 8.210 6.516 3.449 3.9 0.44 0.18 0.01 0.13 0.73 0.56 
   Oxidative burst,6 GM7 2.085 1.561 -0.515 0.664 2.0 0.70 0.84 0.40 0.79 0.40 0.64 
1Blood samples were taken on d 5, 14, and 28 +/- 1 d, and compared with sample at d -7. 
2 Treatments consist of 50 g top dress mixtures of ground corn: 50 g of corn carrier (CON), 18 g of yeast fermentation product Diamond V’s original 
XPC (XPC), 19 g of yeast fermentation product Diamond V’s NutriTek (NTL), and 38 g of yeast fermentation product Diamond V’s NutriTek 
(NTH); starting at -26 d prior to expected calving 
3Phagocytosis of neutrophils and monocytes as a percentage of gated neutrophils and monocytes. 
4Cell count values calculated from the number of cells captured within the gate, converted using the percentages generated for phagocytosis and 
oxidative burst. 
5Oxidative burst of neutrophils and monocytes as a percentage of gated phagocytizing neutrophils and monocytes.  
6Data were log transformed for statistical analysis; LS means described in non-transformed values. 






Table 5-5. Study 1: Least squares means for blood total calcium1, mg/dL, at calving and 1 DIM, and colostrum production  
 Treatments2     Contrast (P values) 
Variable 
CON 
n = 32 
XPC 
n = 23 
NTL 
n = 21 
NTH 
















At calving 7.64 7.57 7.56 8.02 0.29 0.52 0.81 0.79 0.83 0.96 0.20 
Day 1 after calving 8.28 8.03 7.94 8.04 0.41 0.81 0.34 0.88 0.49 0.83 0.81 
Day 2 after calving 8.51 8.46 8.09 8.18 0.30 0.42 0.16 0.07 0.87 0.25 0.76 
Day 5 after calving 9.00 8.88 8.88 9.16 0.20 0.69 0.26 0.87 0.61 0.97 0.32 
Colostrum, kg 5.3 6.0 5.3 5.1 1.0 0.91 0.03 0.87 0.59 0.62 0.86 
Colostrum IgG, mg/mL 89.5 100.7 81.1 96.4 9.0 0.29 0.43 0.07 0.28 0.07 0.15 
1Total calcium was analyzed from the serum blood fraction 
2 Treatments consist of 50 g top dress mixtures of ground corn: 50 g of corn carrier (CON), 18 g of yeast fermentation product Diamond V’s original 
XPC (XPC), 19 g of yeast fermentation product Diamond V’s NutriTek (NTL), and 38 g of yeast fermentation product Diamond V’s NutriTek 
















Table 5-6. Study 1: Pearson correlations between blood total calcium concentration at calving or day 1 after calving with either 
phagocytosis activity or oxidative burst activity of neutrophils and monocytes measured on d 5 (+/- 1 d) after calving 
 On day of calving Day 1 after calving 
Treatment4 CON XPC NTL NTH CON XPC NTL NTH 
Cell type and immune 
parameter r P r P r P r P r P r P r P r P 
Neutrophils                 
   Phagocytosis1, % 0.10 0.59 0.11 0.65 0.15 0.52 0.23 0.27 0.18 0.36 0.09 0.70 0.18 0.43 0.55 0.01 
   Oxidative burst2, % 0.15 0.42 0.11 0.63 0.18 0.43 0.18 0.40 0.20 0.29 0.09 0.69 0.24 0.29 0.46 0.03 
   Oxidative burst, GM3 0.08 0.69 0.23 0.31 -0.05 0.83 -0.08 0.71 -0.24 0.20 0.17 0.46 0.08 0.71 -0.06 0.80 
Monocytes                 
   Phagocytosis1, % 0.06 0.74 0.23 0.31 0.18 0.43 0.27 0.20 0.16 0.41 0.29 0.20 0.13 0.56 0.47 0.03 
   Oxidative burst2, % 0.11 0.55 0.09 0.71 0.14 0.54 -0.01 0.95 0.06 0.74 0.23 0.31 0.11 0.64 0.19 0.39 
   Oxidative burst, GM3 0.13 0.51 0.15 0.51 -0.12 0.60 -0.21 0.34 -0.01 0.98 0.12 0.60 0.04 0.88 -0.25 0.26 
1Phagocytosis of neutrophils and monocytes as a percentage of gated neutrophils and monocytes. 
2Oxidative burst of neutrophils and monocytes as a percentage of gated phagocytizing neutrophils and monocytes.  
3Geometric mean fluorescence intensity of neutrophils and monocytes. 
4Treatments consist of 50 g top dress mixtures of ground corn: 50 g of corn carrier (CON), 18 g of yeast fermentation product Diamond V’s original 
XPC (XPC), 19 g of yeast fermentation product Diamond V’s NutriTek (NTL), and 38 g of yeast fermentation product Diamond V’s NutriTek 












Table 5-7. Study 1: Pearson correlations between colostrum weight and IgG with either phagocytosis activity or oxidative burst activity of 
neutrophils and monocytes measured for calves sampled within the first week of birth d 5 (+/- 1 d), born to cows who were supplemented4 
 Colostrum weight Colostrum IgG 
Treatment4 CON XPC NTL NTH CON XPC NTL NTH 
Cell type and immune 
parameter r P r P r P r P r P r P r P r P 
Neutrophils                 
   Phagocytosis1, % 0.24 0.31 0.35 0.17 0.39 0.21 0.60 0.03 0.06 0.83 -0.30 0.25 -0.08 0.83 -0.14 0.63 
   Oxidative burst2, % 0.28 0.22 0.38 0.13 0.49 0.10 0.60 0.03 0.05 0.85 -0.34 0.20 -0.06 0.87 -0.18 0.54 
   Oxidative burst, GM3 0.02 0.93 0.10 0.69 0.65 0.02 0.02 0.95 0.04 0.89 0.01 0.99 -0.11 0.75 -0.06 0.84 
Monocytes                 
   Phagocytosis1, % 0.08 0.72 0.31 0.22 0.81 0.01 0.56 0.05 -0.05 0.86 -0.15 0.57 -0.52 0.10 -0.21 0.46 
   Oxidative burst2, % 0.32 0.17 0.22 0.41 0.91 0.01 0.61 0.03 -0.37 0.16 -0.29 0.27 -0.43 0.19 -0.26 0.37 
   Oxidative burst, GM3 0.04 0.87 -0.13 0.61 0.83 0.01 0.05 0.87 -0.15 0.59 0.15 0.59 -0.15 0.67 -0.08 0.78 
1Phagocytosis of neutrophils and monocytes as a percentage of gated neutrophils and monocytes. 
2Oxidative burst of neutrophils and monocytes as a percentage of gated phagocytizing neutrophils and monocytes.  
3Geometric mean fluorescence intensity of neutrophils and monocytes. 
4Treatments consist of 50 g top dress mixtures of ground corn: 50 g of corn carrier (CON), 18 g of yeast fermentation product Diamond V’s original 
XPC (XPC), 19 g of yeast fermentation product Diamond V’s NutriTek (NTL), and 38 g of yeast fermentation product Diamond V’s NutriTek 





Table 5-8. Study 1: Least squares means for phagocytosis activity (PG) and oxidative burst activity (OB) of neutrophils (N) and monocytes 
(M) for calves sampled within the first week of birth d 5 (+/- 1 d), born to cows who were supplemented2 
 Treatments2     Contrast (P values) 
Variable 
CON 
n = 33 
XPC 
n = 35 
NTL 
n = 30 
NTH 







Neutrophils              
   Phagocytosis,3 % 71.25 67.08 71.36 64.62 6.6 0.75 0.45 0.65 0.54 0.60 0.42 
   Phagocytosis, count4 7917 7485 7583 7478 736 0.93 0.40 0.65 0.59 0.92 0.91 
   Oxidative burst,5 % 65.54 62.97 66.32 56.90 6.5 0.61 0.79 0.57 0.71 0.69 0.27 
   Oxidative burst, count4 5483 5240 5178 4562 877 0.82 0.97 0.64 0.79 0.96 0.59 
   Oxidative burst,6 GM7 84.57 91.88 39.38 37.10 30 0.31 0.01 0.68 0.83 0.19 0.96 
Monocyte            
   Phagocytosis,3 % 46.72 44.00 43.20 37.59 5.3 0.41 0.53 0.79 0.60 0.90 0.37 
   Phagocytosis, count4 149.9 75.14 62.70 51.87 40 0.12 0.50 0.02 0.09 0.81 0.84 
   Oxidative burst,5 % 30.67 29.12 29.07 20.57 4.6 0.16 0.01 0.92 0.72 0.99 0.12 
   Oxidative burst, count4 54.57 30.79 19.77 13.91 20 0.25 0.68 0.09 0.26 0.66 0.82 
   Oxidative burst,6 GM7 8.74 11.99 5.33 4.66 3.5 0.30 0.01 0.66 0.40 0.15 0.89 
1Blood samples were taken on 5 (+/- 1 d). 
2Treatments consist of 50 g top dress mixtures of ground corn: 50 g of corn carrier (CON), 18 g of yeast fermentation product Diamond V’s original 
XPC (XPC), 19 g of yeast fermentation product Diamond V’s NutriTek (NTL), and 38 g of yeast fermentation product Diamond V’s NutriTek 
(NTH); starting at -26 d prior to expected calving 
3Phagocytosis of neutrophils and monocytes as a percentage of gated neutrophils and monocytes. 
4Cell count values calculated from the number of cells captured within the gate, converted using the percentages generated for phagocytosis and 
oxidative burst. 
5Oxidative burst of neutrophils and monocytes as a percentage of gated phagocytizing neutrophils and monocytes.  
6Data were log transformed for statistical analysis; LS means described in non-transformed values. 











Table 5-9. Study 2: Least squares means and orthogonal treatment contrasts for the change in phagocytosis activity and oxidative burst 
activity of neutrophils during the transition period1, from the prepartum to postpartum period by prepartum dietary anion-cation difference 
(DCAD) dietary treatment. 
 Treatment2   Contrasts8 
 CON LOW HIGH SE Trt 1 2 
Day 5        
   Phagocytosis,3 % 2.14 0.68 -3.46 3.5 0.36 0.31 0.32 
   Phagocytosis, count4 154.8 838.2 -632.3 661 0.05 0.92 0.02 
   Oxidative burst,5 % 2.99 11.84 2.55 4.0 0.09 0.28 0.05 
   Oxidative burst, count4 398.4 1285 -127.9 611 0.06 0.71 0.02 
   Oxidative burst,6 AM7 -0.75 0.32 -0.62 0.70 0.32 0.35 0.21 
Day 14        
   Phagocytosis,3 % 11.52 5.08 3.00 3.6 0.21 0.09 0.68 
   Phagocytosis, count4 1537 1149 1209 540 0.81 0.53 0.93 
   Oxidative burst,5 % 4.61 6.97 3.49 3.8 0.73 0.87 0.44 
   Oxidative burst, count4 766.4 1029 1135 488 0.82 0.55 0.86 
   Oxidative burst,6 AM7 -0.74 0.29 -0.70 0.74 0.43 0.48 0.25 
1Blood samples were taken on d -10, 5, and 14 (+/- 3 d) postpartum. 
2Treatment started -28 d prior to expected calving: CON offered a positive DCAD which averaged +6 mEq/100 g DM; LOW and HIGH offered a 
negative DCAD which averaged -24 mEq/100 g DM; 1) with no added Animate supplementation2 and 0.40% of DM of dietary Ca (CON); 2) with 
added Animate supplementation and 0.40% of DM of dietary Ca (LOW); or 3) with added Animate supplementation and 2.0% of DM of dietary Ca 
(HIGH). 
3Phagocytosis of neutrophils as a percentage of gated neutrophils. 
4Cell count values calculated from the number of cells captured within the gate, converted using the percentages generated for phagocytosis and 
oxidative burst. 
5Oxidative burst of neutrophils as a percentage of gated phagocytizing neutrophils.  
6Data were log transformed for statistical analysis; LS means described in non-transformed values. 
7Arthmetic mean fluorescence intensity of neutrophils. 











Table 5-10. Study 2: Least squares means and orthogonal treatment contrasts for the change in the phagocytosis activity and oxidative burst 
activity of monocytes during the transition period1, from the prepartum to postpartum period by prepartum dietary anion-cation difference 
(DCAD) dietary treatment. 
 Treatment2   Contrasts8 
 CON LOW HIGH SE Trt 1 2 
Day 5        
   Phagocytosis,3 % 1.98 1.08 -2.51 3.0 0.39 0.38 0.32 
   Phagocytosis, count4 324.4 947.5 120.2 384 0.13 0.55 0.05 
   Oxidative burst,5 % 2.05 2.53 1.39 2.5 0.94 0.97 0.73 
   Oxidative burst, count6 338.6 889.3 169.6 362 0.14 0.54 0.06 
   Oxidative burst,6 AM7 -0.19 -0.15 0.32 0.27 0.29 0.39 0.21 
Day 14        
   Phagocytosis,3 % 13.39 7.69 6.49 3.4 0.31 0.14 0.81 
   Phagocytosis, count4 624.6 1096 457.0 267 0.15 0.59 0.06 
   Oxidative burst,5 % 8.06 7.73 7.13 3.4 0.97 0.86 0.88 
   Oxidative burst, count6 377.4 958.4 438.3 219 0.09 0.18 0.06 
   Oxidative burst,6 AM7 -0.02 -0.18 0.03 0.16 0.63 0.79 0.35 
1Blood samples were taken on d -10, 5, and 14 (+/- 3 d) postpartum. 
2Treatment started -28 d prior to expected calving: CON offered a positive DCAD which averaged +6 mEq/100 g DM; LOW and HIGH offered a 
negative DCAD which averaged -24 mEq/100 g DM; 1) with no added Animate supplementation2 and 0.40% of DM of dietary Ca (CON); 2) with 
added Animate supplementation and 0.40% of DM of dietary Ca (LOW); or 3) with added Animate supplementation and 2.0% of DM of dietary Ca 
(HIGH). 
3Phagocytosis of monocytes as a percentage of gated monocytes. 
4Cell count values calculated from the number of cells captured within the gate, converted using the percentages generated for phagocytosis and 
oxidative burst. 
5Oxidative burst of neutrophils and monocytes as a percentage of gated phagocytizing monocytes.  
6Data were log transformed for statistical analysis; LS means described in non-transformed values. 
7Arthmetic mean fluorescence intensity of monocytes. 









Table 5-11. Study 2: Least squares means for the cow-side iSTAT1 blood Ca analysis at d 4 postpartum, excluding milk fever cows 
and calving colostrum measurements after calving by prepartum dietary anion-cation difference (DCAD) dietary treatment. 
 Treatment2    Contrasts3 
Variable CON (n = 27) LOW (n = 26) HIGH (n = 26) SE Trt Parity 1 2 
iCa, mmol/L         
   At calving 0.98 1.10 1.11 0.02 <0.01 <0.01 <0.01 0.71 
   24 h after calving 0.98 1.11 1.05 0.03 <0.01 <0.01 <0.01 0.03 
   48 h after calving 1.10 1.14 1.09 0.02 0.19 <0.01 0.56 0.08 
   Day 4 after calving 1.21 1.19 1.17 0.02 0.24 0.16 0.15 0.40 
Colostrum, kg 4.93 4.27 4.16 0.49 0.42 - 0.19 0.87 
Colostrum IgG, mg/mL 89.2 87.7 88.8 6.0 0.98 - 0.88 0.88 
1iSTAT, Abbott cow-side blood sampling was used primarily for iCa analysis  
2Treatment started -28 d prior to expected calving: CON offered a positive DCAD which averaged +6 mEq/100 g DM; LOW and HIGH offered a 
negative DCAD which averaged -24 mEq/100 g DM; 1) with no added Animate supplementation2 and 0.40% of DM of dietary Ca (CON); 2) with 
added Animate supplementation and 0.40% of DM of dietary Ca (LOW); or 3) with added Animate supplementation and 2.0% of DM of dietary Ca 
(HIGH). 



















Table 5-12. Study 2: Pearson correlations between blood ionized calcium concentration 24 h after calving and d 4 postpartum with either 
phagocytosis activity or oxidative burst activity of neutrophils and monocytes measured on d 5 (+/- 3 d) and calving colostrum measurements 
after calving by prepartum dietary anion-cation difference (DCAD) dietary treatment. 
 24 h after calving 4 d after calving 
Treatment1 CON LOW HIGH CON LOW HIGH 
Cell type and immune 
parameter r P r P r P r P r P r P 
Neutrophils             
   Phagocytosis2, % -0.03 0.80 0.17 0.21 -0.14 0.27 0.30 0.01 0.40 0.01 -0.20 0.11 
   Oxidative burst3, % -0.06 0.61 0.06 0.66 -0.29 0.02 0.10 0.40 0.22 0.09 -0.18 0.13 
   Oxidative burst, AM4 0.03 0.84 -0.03 0.80 -0.06 0.62 -0.14 0.27 -0.13 0.33 0.02 0.88 
Monocytes             
   Phagocytosis2, % -0.02 0.86 0.17 0.21 -0.12 0.33 0.35 0.01 0.43 0.01 -0.20 0.10 
   Oxidative burst3, % -0.07 0.59 0.13 0.33 -0.18 0.14 0.30 0.01 0.36 0.01 -0.22 0.08 
   Oxidative burst, AM4 0.13 0.29 -0.13 0.34 -0.25 0.04 -0.06 0.62 0.15 0.27 -0.12 0.34 
Colostrum             
Weight, kg 0.06 0.64 -0.01 0.93 -0.27 0.03 0.05 0.66 -0.36 0.01 -0.16 0.19 
IgG, mg/mL -0.22 0.07 -0.04 0.75 -0.04 0.76 0.22 0.07 0.43 0.01 -0.15 0.22 
Time of collection, h 0.24 0.06 0.32 0.03 -0.24 0.05 0.27 0.03 0.24 0.11 0.07 0.58 
Calf weight, kg -0.03 0.70 0.12 0.37 0.04 0.74 0.07 0.63 0.10 0.44 -0.02 0.86 
1Treatment started -28 d prior to expected calving: CON offered a positive DCAD which averaged +6 mEq/100 g DM; LOW and HIGH offered a 
negative DCAD which averaged -24 mEq/100 g DM; 1) with no added Animate supplementation2 and 0.40% of DM of dietary Ca (CON); 2) with 
added Animate supplementation and 0.40% of DM of dietary Ca (LOW); or 3) with added Animate supplementation and 2.0% of DM of dietary Ca 
(HIGH). 
2Phagocytosis of neutrophils and monocytes as a percentage of gated neutrophils and monocytes. 
3Oxidative burst of neutrophils and monocytes as a percentage of gated phagocytizing neutrophils and monocytes.  




Table 5-13. Study 2: Pearson correlations between either phagocytosis activity or oxidative burst activity of neutrophils and monocytes 
measured on d 5 (+/- 3 d) with calving colostrum measurements after calving by prepartum dietary anion-cation difference (DCAD) dietary 
treatment. 
 Colostrum wt Colostrum IgG 
Treatment1 CON LOW HIGH CON LOW HIGH 
Cell type and immune 
parameter r P r P r P r P r P r P 
Neutrophils             
   Phagocytosis2, % -0.05 0.66 0.06 0.66 -0.12 0.33 -0.03 0.80 0.17 0.21 -0.14 0.27 
   Oxidative burst3, % -0.09 0.47 -0.06 0.68 -0.28 0.03 -0.06 0.61 0.06 0.66 -0.29 0.02 
   Oxidative burst, AM4 0.01 0.99 0.04 0.76 -0.12 0.34 0.03 0.84 -0.03 0.80 -0.06 0.62 
Monocytes             
   Phagocytosis2, % -0.02 0.87 0.03 0.81 -0.09 0.48 -0.02 0.86 0.17 0.21 -0.12 0.33 
   Oxidative burst3, % -0.07 0.56 -0.04 0.79 -0.17 0.17 -0.07 0.59 0.13 0.33 -0.18 0.14 
   Oxidative burst, AM4 0.13 0.30 0.07 0.63 -0.01 0.99 0.13 0.29 -0.13 0.34 -0.25 0.04 
1Treatment started -28 d prior to expected calving: CON offered a positive DCAD which averaged +6 mEq/100 g DM; LOW and HIGH offered a 
negative DCAD which averaged -24 mEq/100 g DM; 1) with no added Animate supplementation2 and 0.40% of DM of dietary Ca (CON); 2) with 
added Animate supplementation and 0.40% of DM of dietary Ca (LOW); or 3) with added Animate supplementation and 2.0% of DM of dietary Ca 
(HIGH). 
2Phagocytosis of neutrophils and monocytes as a percentage of gated neutrophils and monocytes. 
3Oxidative burst of neutrophils and monocytes as a percentage of gated phagocytizing neutrophils and monocytes.  















Table 5-14. Effect of study and subclinical hypocalcemia (SCH)2 status on changes in neutrophil immune parameters in blood1 of cows at 5 and 14 
d postpartum 
 Study 1 Study 2  P-value 
SCH above below above below SEM Study SCH Study*SCH 
Day 5         
   Phagocytosis,3 % -0.42 -4.96 13.71 10.14 3.1 <0.01 0.14 0.86 
   Phagocytosis, count4 -183 -640 1450 1490 485 <0.01 0.62 0.54 
   Oxidative burst,5 % -3.15 -3.51 -3.73 -5.83 3.6 0.64 0.69 0.78 
   Oxidative burst, count4 -336 -281 161 252 430 0.16 0.84 0.96 
Day 14         
   Phagocytosis,3 % 0.76 -4.66 4.03 5.42 4.0 0.05 0.53 0.29 
   Phagocytosis, count4 214 -838 -168 151 586 0.51 0.44 0.16 
   Oxidative burst,5 % -0.83 -3.77 -2.99 -5.30 4.0 0.57 0.41 0.92 
   Oxidative burst, count4 54.64 -482 45.32 -232 448 0.74 0.27 0.72 
1Blood samples were taken on d -10/-7, 5, and 14 (+/- 3 d) postpartum. 
2SCH was defined as total Ca below 8.0 mg/dL or ionized Ca below 1.0 mmol/L at 24 h postpartum 
3Phagocytosis of neutrophils as a percentage of gated neutrophils. 
4Cell count values calculated from the number of cells captured within the gate, converted using the percentages generated for phagocytosis and 
oxidative burst. 

















Table 5-15. Effect of Study and subclinical hypocalcemia (SCH)2 status on changes in monocyte immune parameters in blood1 of cows at 5 and 14 
d postpartum 
 Study 1 Study 2  P-value 
SCH Above Below Above Below SEM Study SCH Study*SCH 
Day 5         
   Phagocytosis,3 % -6.96 -3.81 -8.55 -14.32 2.8 0.02 0.57 0.07 
   Phagocytosis, count4 -336 -281 161 253 431 0.16 0.84 0.96 
   Oxidative burst,5 % -7.43 -5.73 0.86 -5.46 2.3 0.04 0.24 0.05 
   Oxidative burst, count4 -2.33 -3.41 -202 -850 136 <0.01 0.01 0.01 
Day 14         
   Phagocytosis,3 % -5.11 -7.21 -15.57 -17.24 3.3 <0.01 0.48 0.94 
   Phagocytosis, count4 54.64 -482 45.32 -232 448 0.74 0.27 0.72 
   Oxidative burst,5 % -3.97 -7.16 -3.76 -9.31 2.9 0.68 0.08 0.62 
   Oxidative burst, count4 -6.87 -5.41 -603 -641 170 <0.01 0.89 0.88 
1Blood samples were taken on d -10/-7, 5, and 14 (+/- 3 d) postpartum. 
2SCH was defined as total Ca below 8.0 mg/dL or ionized Ca below 1.0 mmol/L at 24 h postpartum 
3Phagocytosis of neutrophils as a percentage of gated neutrophils. 
4Cell count values calculated from the number of cells captured within the gate, converted using the percentages generated for phagocytosis and 
oxidative burst. 






Table 5-16. Regression comparisons of total calcium (study 1) and ionized calcium (study 2) at 24 h after calving on changes in 
neutrophil and monocyte immune parameters in blood1 of cows at 5 and 14 d postpartum 
Variables Intercept Slope P-value R2 
Study 1     
   Neutrophils, Day 5     
      Phagocytosis,3 % -22.98 2.66 0.06 0.04 
      Oxidative burst,4 % -11.96 1.16 0.46 0.01 
   Neutrophils, Day 14     
      Phagocytosis,3 % -24.46 2.94 0.09 0.03 
      Oxidative burst,4 % -15.54 1.73 0.31 0.01 
   Monocytes, Day 5     
      Phagocytosis,3 % 0.96 -0.80 0.45 <0.01 
      Oxidative burst,4 % -2.70 -0.49 0.65 <0.01 
   Monocytes, Day 14     
      Phagocytosis,3 % -15.08 1.06 0.32 0.01 
      Oxidative burst,4 % -17.30 1.54 0.15 0.02 
Study 2     
   Neutrophils, Day 5     
      Phagocytosis,3 % -3.40 15.33 0.23 0.02 
      Oxidative burst,4 % -9.69 5.06 0.74 <0.01 
   Neutrophils, Day 14     
      Phagocytosis,3 % 28.40 -22.91 0.19 0.03 
      Oxidative burst,4 % -1.79 -1.85 0.92 <0.01 
   Monocytes, Day 5     
      Phagocytosis,3 % -31.61 20.34 0.12 0.03 
      Oxidative burst,4 % -17.96 16.07 0.07 0.04 
   Monocytes, Day 14     
      Phagocytosis,3 % -2.62 -12.91 0.44 0.01 
      Oxidative burst,4 % -12.56 6.73 0.66 <0.01 
1Blood samples were taken on d -10/-7, 5, and 14 (+/- 3 d) postpartum. 
3Phagocytosis of neutrophils as a percentage of gated neutrophils. 







Figure 5-1. Study 1: Least squares means for neutrophil phagocytosis activity of cows that were supplemented pre- (starting at -26 d to expected 
calving date) and postpartum with corn carrier (CON), yeast fermentation product Diamond V’s original XPC (XPC), low inclusion of yeast 
fermentation product Diamond V’s NutriTek (NTL), or high inclusion of yeast fermentation product Diamond V’s NutriTek (NTH).  Supplements 
were provided as a top-dress daily at a dose of 50 g per cow, consisting of a mixture of ground corn and yeast product. Blood samples were obtained 
on d -17, -7, 5, 14, and 28 (+/- 3 d prepartum and 1 d postpartum). Prepartum and postpartum data were analyzed separately. Treatment by day 














































Figure 5-2. Study 1: Least squares means for monocytes phagocytosis activity of cows that were supplemented pre- (starting at -26 d to expected 
calving date) and postpartum with corn carrier (CON), yeast fermentation product Diamond V’s original XPC (XPC), low inclusion of yeast 
fermentation product Diamond V’s NutriTek (NTL), or high inclusion of yeast fermentation product Diamond V’s NutriTek (NTH).  Supplements 
were provided as a top-dress daily at a dose of 50 g per cow, consisting of a mixture of ground corn and yeast product. Blood samples were obtained 
on d -17, -7, 5, 14, and 28 (+/- 3 d prepartum and 1 d postpartum).  Prepartum and postpartum data were analyzed separately. Treatment by day 













































Figure 5-3. Study 1: Least squares means for neutrophil oxidative burst activity of cows that were supplemented pre- (starting at -26 d to expected 
calving date) and postpartum with corn carrier (CON), yeast fermentation product Diamond V’s original XPC (XPC), low inclusion of yeast 
fermentation product Diamond V’s NutriTek (NTL), or high inclusion of yeast fermentation product Diamond V’s NutriTek (NTH).  Supplements 
were provided as a top-dress daily at a dose of 50 g per cow, consisting of a mixture of ground corn and yeast product. Blood samples were obtained 
on d -17, -7, 5, 14, and 28 (+/- 3 d prepartum and 1 d postpartum).  Prepartum and postpartum data were analyzed separately. Treatment by day 


















































Figure 5-4. Study 1: Least squares means for monocytes oxidative burst activity of cows that were supplemented pre- (starting at -26 d to expected 
calving date) and postpartum with corn carrier (CON), yeast fermentation product Diamond V’s original XPC (XPC), low inclusion of yeast 
fermentation product Diamond V’s NutriTek (NTL), or high inclusion of yeast fermentation product Diamond V’s NutriTek (NTH).  Supplements 
were provided as a top-dress daily at a dose of 50 g per cow, consisting of a mixture of ground corn and yeast product. Blood samples were obtained 
on d -17, -7, 5, 14, and 28 (+/- 3 d prepartum and 1 d postpartum).  Prepartum and postpartum data were analyzed separately. Treatment by day 













































Figure 5-5. Study 2: Least squares means of phagocytosis activity of neutrophils during the transition period for cows who were given one of three 
prepartum dietary anion-cation difference (DCAD) dietary treatments: 1) with no added Animate supplementation and 0.40% of DM of dietary Ca 
(CON); 2) with added Animate supplementation and 0.40% of DM of dietary Ca (LOW); or 3) with added Animate supplementation and 2.0% of 
DM of dietary Ca (HIGH).  Blood samples were taken on d -10 prepartum based on expected calving, 5, and 14 (+/- 3 d).  Animate supplementation 
was used to alter the prepartum DCAD: CON offered a positive DCAD which averaged +6 mEq/100 g of DM; LOW and HIGH offered a negative 


















































Figure 5-6. Study 2: Least squares means of phagocytosis activity of monocytes during the transition period for cows who were given one of three 
prepartum dietary anion-cation difference (DCAD) dietary treatments: 1) with no added Animate supplementation and 0.40% of DM of dietary Ca 
(CON); 2) with added Animate supplementation and 0.40% of DM of dietary Ca (LOW); or 3) with added Animate supplementation and 2.0% of 
DM of dietary Ca (HIGH).  Blood samples were taken on d -10 prepartum based on expected calving, 5, and 14 (+/- 3 d).  Animate supplementation 
was used to alter the prepartum DCAD: CON offered a positive DCAD which averaged +6 mEq/100 g of DM; LOW and HIGH offered a negative 













































Figure 5-7. Study 2: Least squares means of oxidative burst activity of neutrophils during the transition period for cows who were 
given one of three prepartum dietary anion-cation difference (DCAD) dietary treatments: 1) with no added Animate supplementation 
and 0.40% of DM of dietary Ca (CON); 2) with added Animate supplementation and 0.40% of DM of dietary Ca (LOW); or 3) with 
added Animate supplementation and 2.0% of DM of dietary Ca (HIGH).  Blood samples were taken on d -10 prepartum based on 
expected calving, 5, and 14 (+/- 3 d).  Animate supplementation was used to alter the prepartum DCAD: CON offered a positive 
DCAD which averaged +6 mEq/100 g of DM; LOW and HIGH offered a negative DCAD which averaged -24 mEq/100 g of DM.  














































Figure 5-8. Study 2: Least squares means of oxidative burst activity of monocytes during the transition period for cows who were 
given one of three prepartum dietary anion-cation difference (DCAD) dietary treatments: 1) with no added Animate supplementation 
and 0.40% of DM of dietary Ca (CON); 2) with added Animate supplementation and 0.40% of DM of dietary Ca (LOW); or 3) with 
added Animate supplementation and 2.0% of DM of dietary Ca (HIGH).  Blood samples were taken on d -7 prepartum ased on 
expected calving, 5, and 14 (+/- 3 d).  Animate supplementation was used to alter the prepartum DCAD: CON offered a positive 
DCAD which averaged +6 mEq/100 g of DM; LOW and HIGH offered a negative DCAD which averaged -24 mEq/100 g of DM.  
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Chapter 6: Transition Cow Nutrition: Applied Feeding Considerations of Personnel and 
Environmental Factors 
INTRODUCTION 
In animal agriculture there has been steady progress made toward understanding how to 
formulate diets to optimize intake, digestibility, and absorption of nutrients.  In the dairy 
industry, most operations require some combination of separate ingredients, either raised on farm 
or purchased in large quantities, and mixed together using some form of mixing equipment.  The 
goal of effective feed mixing is that every aliquot of feed the animal consumes includes the same 
composition of ingredients and minimizes sorting.  Failing to mix the total mixed ration (TMR) 
properly can result in nutrient deficiencies or imbalances leading to reduced growth, production, 
and health.  Different adjustments must be made to the mixing strategies depending on the 
inclusion of wet or dry feeds, the number of ingredients, and the particle size of the forages 
(Rocha et al., 2015).  The effect of particle size order of ingredients also can greatly affect 
mixing success, with adding the larger particle feeds after the smaller particles creating a more 
uniform mixture (Xiao et al., 2015).  Monitoring mix quality is essential to identify and correct 
protocols to improve inconsistencies (Rocha et al., 2015). 
Feeding behavior and the frequency of dietary adjustments made to maintain consistency 
also have been investigated.  King et al. (2016) focused on the effect of timing of feed delivery 
on animal behavior and its relationship to productivity.  Delivering feed midway between 
milkings two times daily was reported to encourage cows to consume smaller, more frequent 
meals without affecting diurnal patterns of behavior, which improved the stability of the rumen 
environment (King et al., 2016).  A survey of Pennsylvania dairy farm feed management 




ingredients frequently, either monthly or bi-monthly.  Over half of the farms also reported that 
the diet offered contained a 60:40 forage to concentrate ratio, delivered in a TMR to the cows 
(Buza and Holden, 2016).   
Use of  a TMR is the most common feeding strategy on US dairies and many tests are 
available to evaluate day-to-day success.  Lammers et al. (1996) summarized the normal particle 
size distribution of TMR for producers in the northeast region of the US using a particle 
separation box (Lammers et al., 1996).  By comparison of on-farm particle size distribution to 
the recommended percentages, specific factors that can directly affect the reliability and 
consistency of the offered TMR have been identified.  The condition of the mixer, including 
type, size, and age, the amount of feed mixed at one time, the loading order, the type of feed 
loaded, and the particle size of the forages all can affect the success of  mixing (Jordan, 2001).  
However, other sources of error that are widely ignored include variations in weather and the 
people actually doing the mixing and feeding.   
The need for continuous monitoring and adjustment of mixing procedures is an important 
aspect of dairy feed management. The objectives of this study were to 1) investigate how 
personnel and environmental factors affected the loading error of TMR ingredients, and 2) 
determine if individual feeders improved over time in total error or individual ingredient error. 
MATERIALS AND METHODS 
Data were gathered over the course of two research studies that mixed and fed a total of 
three separate diets beginning in October, 2014, and ending in November, 2017.  Ingredients 
(percentage of total weight on as fed basis) added to the mixer for each diet were : 1) wheat 
straw (12.9%), corn silage (54.5%), haylage (4.3%), and concentrate (28.3%); 2) wheat straw 




and 3) wheat straw (26.3%), corn silage (62.5%), corn gluten feed (6.3%), and soyhulls (4.8%).  
All diets were mixed in a Keenan (Richard Keenan, Borris, Ireland) mixer driven by a John 
Deere tractor (Moline, IL).  Ingredients were added into the mixer using a skid steer front loader 
bucket.  The Keenan mixer was always parked in the designated loading area, oriented east to 
west, and loaded from the north side.  The commodity shed was located northwest of the loading 
area and was the only structure blocking wind within close proximity.   
Data sets were separated based on experience level of individual feeding personnel 
categorized according to the number of times the feeder had mixed at the facility with this 
equipment during the time period of the two studies.  A total of 11 feeders were included in the 
data group of 0 to 30 recorded days of feeding, 8 feeders in the 31 to 60 recorded days of feeding 
group, 5 feeders in the data group of 61 to 90 recorded days of feeding, and 2 feeders in the 91 to 
120 recorded days of feeding group.  Loading error was calculated as the percentage difference 
between programmed ingredient weights and actual ingredient weights loaded.  Total mix error 
was calculated as the percentage difference of total programmed weight and total weight loaded.  
Values then were adjusted to absolute values from zero.  
Statistical Analysis  
The data were analyzed using Proc Mixed in SAS 9.4  The reduced model compared 
overall differences among feeders by ingredient type and also included times fed and the 
environmental factors wind direction, and speed:  
Y = β0 + β1FeederID + β2TimesFeeding + β3WindDirection + β4WindSpeed + Σ1234 
A Pearson correlation was used to compare feed ingredient absolute error and total mix 
absolute error with contributing personnel and environmental factors.  Results were created for 




time sets.  The significance and coefficient of the correlations were used to evaluate the results.  
Significance was declared at P ≤ 0.05 and trends were discussed when 0.05 < P ≤ 0.10.  
Correlations were declared weak if above +/- 0.30, moderate if above +/- 0.50, and strong if 
above +/- 0.70. 
RESULTS AND DISCUSSION 
Feeders 
The overall absolute errors for feed ingredients by individual feeder identification over 
time are shown in Table 6-1.  While environmental factors of wind direction and wind speed 
remained in the reduced model, feeder identification (ID) and number of times fed had the 
greatest influence on the ingredient absolute error differences.  Feeder ID affected the loading 
error of concentrate, haylage, soy hulls, and total mix (P = 0.01).  The number of times fed (i.e., 
the experience of the feeder) affected the loading error of wheat straw, corn silage, and whole 
cottonseed (P = 0.01).  While little discussion can be generated by the seemingly random 
differences observed when looking at all times and all feeder IDs together in an overall analysis, 
the lack of a clear pattern may be, in itself, an unexpected result.   
Wheat straw and whole cottonseed appear to be the greatest sources of loading error, ranging 
from 9 to 61% error depending on the individual feeder, which may appear random.  When 
taking into consideration that wheat straw and whole cottonseed accounted for the lowest 
inclusion rate by weight, ranging from 250 kg to only 2.5 kg, the greater error when loading the 
smaller amounts of these ingredients with the equipment available at this facility could greatly 
influence the large loading errors  distributed over time.  The amount of each ingredient required 
was based on the fluctuating number of cows that were being fed in the study at that given time 




overwhelmed the effects of individual feeder on the loading error.  An earlier published review 
of techniques to monitor TMR and feed delivery systems (Oelberg and Stone, 2014) included 
load size as one of the nine major factors causing TMR variation.  However, the term “load size” 
in this context referred to the loading capacity of the mixer and its efficiency in working with an 
oversized volume of feed.  And while this article touched on other aspects that contribute to 
inconsistent mixing, including worn equipment, mixing time, and loading sequence, there was no 
discussion of personnel error (Oelberg and Stone, 2014).     
The significant difference in corn silage loading error as affected by the number of times fed 
appears to have the opposite challenge as wheat straw and whole cottonseed.  Corn silage was a 
large staple ingredient in all three diets, as it is in most conventional dairies, accounting for 50 to 
1500 kg of the TMR.  The low overall loading error of 1 to 7% is then easily ingredients.  These 
small variations were not different among feeders overall, but were affected by the experience of 
the feeder.  When looking at ingredients whose errors were different among feeders, the 
ingredient loading errors of concentrate, haylage, and soy hulls were significant.  When 
comparing these ingredients with relatively low error percentages, between 2 and 25%, one 
feeder (ID = I) was identified as having the most problems loading these three specific 
ingredients.  For haylage loading error, our analysis detected four feeders that had greater 
average loading error than the rest.   
Many of the appraisal options available to test TMR consistencies are designed as a 
single point of measure of the final product that may not capture the irregularities caused by the 
human element (Oelberg and Stone, 2014).  While an equipment error cannot be completely 
discounted, this large of a difference in one specific feeder indicates a need for continuous 




Tables 6-2 through 6-5 presents the loading error by feeder ID data by the number of 
times those feeders mixed, related to the amount of experience the feeder had, and then compares 
the blocks of data with comparable experience among feeders.  In the first set, 0 to30 days of 
feeding (Table 6-2) feeder ID significantly affected loading errors of concentrate and haylage (P 
< 0.01), but not soy hulls or total mix loading error (P > 0.10).  Number of times fed also 
affected the loading error of ingredients differently, with wheat straw and corn silage remaining 
significantly different, but whole cottonseed no longer showing significance.  It should also be 
noted that only two of the eleven feeders used corn gluten feed and soy hulls in their first 30 days 
of feeding, because they started feeding during the second study and third diet formulation.  So 
while there was an overall difference among feeders that mixed using soy hulls, that difference 
was not apparent when comparing the two feeders that began their mixing experience using these 
ingredients.   
Table 6-3, focused exclusively on days 30 to 60 of experience, reported significant 
differences among feeder ID for wheat straw, corn silage, concentrate, haylage, and total mix 
error.  However, at this stage, number of times feeding no longer showed significance (P > 0.10).  
Instead, the environmental factor of wind speed began to affect the difference in loading error 
between feeders more significantly when looking at corn silage, concentrates, and haylage (P < 
0.05).  Because of the lack of differences based on experience, it could be inferred by this data 
set that the stage of learning or the gain of more experience no longer affected the loading error.  
Instead, differences by feeder ID and the random effect of wind speed had a greater influence on 
the resultant loading errors and, as seen in the overall analysis, one feeder (ID = J) could be 




The one feeder that far exceeded the others in individual ingredient and total mix loading 
error appeared to have increased in loading error when compared to the prior data set that 
encompassed the stage of learning.  While the other feeders were able to improve their feeding 
technique, exhibited by the reduced loading averages reported in Table 6-3 compared to Table 6-
2, this specific feeder appearedto have become less attentive with time.  Although this is not a 
desirable observation, it indicates that initiation of some type of feed monitoring system that can 
catch and track the changes, or lack of change, over time among feeders employed on a dairy 
may lead to additional reduction of loading errors.  While all individuals in this study were 
provided the same instructions, received the same training updates, and were managed similarly 
across both studies, the improvement was not the same among all involved.   
Barmore and Bethard (2005) presented a comprehensive overview of factors affecting 
mixing variation and emphasized that monitoring systems need to be fit to the specific dairy.  
While computerized software was available for evaluation in this review, the combination of 
hand written records and simple spreadsheet calculations can achieve the same result.  The goal 
of these monitoring systems is to provide a resource to correct mistakes in the feeding procedure 
and reduce the variation in the end product delivered to the cows (Baramore and Bethard, 2005).  
Unlike other audit recommendations, additional factors suggested included cow behavior that 
could indicate undesirable changes in the diet, weather conditions that may affect the quality of 
the ingredients, and representative feed sample chemical analysis (Baramore and Bethard, 2005).  
These recommendations support the observed significance of environmental factors, specifically 
wind speed, on ingredient loading error during this time as the lack of experience no longer 




When looking only at days 60 to 90 of experience (Table 6-4) there was no difference 
between feeders for any of the ingredients (P > 0.20).  Experience did affect corn silage and corn 
gluten feed absolute loading error, but did not influence other ingredients or the total mix error.  
Unlike the prior two data sets that transitioned from a possible learning period, to a time of 
environmental challenge and how the individual feeder handled that challenge, this stage appears 
to have eliminated the differences among individual feeder ID.  Corn silage was affected by 
experience and wheat straw was affected by wind direction and speed, but overall the total mix 
loading error was consistent among the five feeders compared in this data set.   
The final time frame bracket analyzed, days 90 to 120 (Table 6-5) only compared two 
feeders. Only whole cottonseed was significantly different between feeder ID and times fed (P = 
0.02).  Neither feeder mixed during the second trial and so did not handle corn gluten feed or soy 
hulls during this time.  The uniformity observed among feeders in these last two data sets 
supports the logical recommendation that long-term, well trained feeders that consistently use the 
same ingredients would minimize the variation in loading error and consequently the variation of 
the total diet.  It should be noted that the data set analyzed in this comparison decreased in 
subject numbers as the experience level increased and a future study with longer contracted 
employees would be a better foundation for these conclusions. 
Figure 6-1 displays a scatter plot of the total absolute errors illustrating the random spikes 
of error over the course of 90 days of experience.  Creating an arbitrary cut-off point of 10% 
total error from the programmed diet, over 91% of the errors fell within that desired range and 
approximately 9% exceeded that threshold.  The spikes of total error exceeding the acceptable 
range was not concentrated at a stage of experience or isolated to a specific individual feeder.  




influences that affected loading abilities, or just isolated errors by the individual feeder, but this 
analysis was unable to determine a specific cause. 
Correlations of Errors for Diet Ingredients 
The correlations between diet ingredients and experience, diet, feeder ID, wind direction, 
wind speed, and temperature, are presented in Table 6-6.  While some significant correlations 
were detected between select ingredients and the various factors tested, the correlation 
coefficients did not exceed 0.30 indicating nothing more than a weak relationship.  For example, 
wheat straw, which has the potential to be most affected by wind speed since it is the least dense 
ingredient used was significantly correlated to wind speed (P < 0.01), but the correlation 
coefficient was weak (r = 0.10).  Overall, neither the environmental nor the personnel factors 
were moderately or strongly related to ingredient loading error.  Correlations for total mix 
absolute error non-significant for all factors as well (P > 0.10).   
Tables 6-7 through 6-10 further separates the correlation analysis by feeder ID and then 
by the experience data sets of 30, 60, 90, and 120 days of experience as explored in the previous 
analysis.  When focused on the two feeders that were only included in the 30 day experience 
block, only one feeder showed any correlation of loading error over time.  For one feeder wheat 
straw loading error over the first 30 days of feeding was weakly associated with increased error 
over time (r = 0.46, P = 0.04).  However, wheat straw loading error over all of the feeding times 
did not result in significant change (P > 0.50), which indicates that a change in the correlation 
after the first 30 days of feeding experience.  This may indicate a delay in this feeder’s ability to 
reduce the error of this specific ingredient, while the other feeder did not increase or decrease the 




The three feeders that remained in the 60 day experience data set (Table 6-8) did not 
report any significance during the 30 day learning stage.  For one feeder observed a tendency 
toward significance and a weakly negative relationship (P = 0.08, r = -0.41) for haylage during 
the time frame of 30 to 60 days of feeding.  However, the other ingredient loading errors were 
not significantly correlated, with no one ingredient or time period affecting the error over time.  
Of the three feeders that remained in the 60 to 90 days of experience block (Table 6-9), each 
feeder revealed an association with different ingredients.  One feeder showed a weakly negative 
correlation of concentrate loading error in the first 30 days of feeding experience (P = 0.05) and 
a positive correlation of the same ingredient during the 30 to 60 days of feeding (P = 0.01).   
This could be interpreted as a potential need for updated training after the initial 30 days 
so that the loading error of this specific ingredient does not regress during the next 30 days.  
Over the entire feeding time frame, this feeder also reduced the error of feeding whole 
cottonseed (P = 0.03, r = -0.37), which was not apparent when looking at any specific 30 day 
period.  Another feeder who was consistent with the concentrate error showed the greatest 
correlation when looking at wheat straw loading error.  Overall, wheat straw loading error 
decreased as experience increased (P < 0.01, r = -0.41) and mainly occurred during in the focus 
of 60 to 90 days of experience, where we report a moderately negative correlation during this 
time (P < 0.01, r = -0.54).  There was also a strong negative relationship between corn silage 
loading error over time between 30 to 60 days of feeding, indicating a large improvement in 
reducing the loading error over time.  The last feeder compared in this group did not show the 
improvements in loading errors that the other two did, but rather increased the absolute error of 
loading whole cottonseed, specifically during the 30 to 60 days of feeding experience (P = 0.04, 




The differences between feeders and their relationship with improving or regressing in 
loading error overall and during specific time frames of feeding experience suggests that these 
individuals may have benefitted from different training methods.  One suggestion is to conduct 
reviews to track the increase or decrease of loading error, which might have encouraged or 
discouraged mixing techniques to reinforce the correct procedures over time.  While training was 
refreshed periodically, the use of this tracking tool could have been used to modify the training 
to fit the individual feeders’ needs and fix specific weaknesses. 
Table 6-10, representing the two feeders that fed for the longest period of time and 
included a feed experience block of 90 to 120 days, showed minor changes in correlations over 
the entire time of feeding.  The first feeder gradually reduced the loading error of corn silage 
overall (P = 0.03, r = -0.17), but with no strong correlation within a specific time frame.  
However, during the 90-120 days of experience range there was a moderately strong 
improvement in reducing total loading error over time (P = 0.04, r = -0.51).  On the other hand, 
during the 30 to 60 days of feeding there was a moderately positive increase in total mix absolute 
loading error (P = 0.01, r = 0.51).  The second feeder had gradually increased loading error of 
wheat straw stretched over all time periods (P < 0.01, r = 0.31).  And while weak negative 
correlations were seen when looking at corn silage and haylage loading error during the first 30 
days of experience (P = 0.02 and 0.06) errors for these same ingredients then increased during 
the time of 30 to 60 days of feeding (P = 0.04, r = 0.58).   
By the 90 to 120 day block, no significant correlations were seen for any of the ingredient 
loading errors.  From comparing these two long-term feeders, it again appears that individuals 
may be challenged by different ingredients.  In the case of these two feeders, one was able to 




in loading errors for all of the ingredients through the 90 to 120 day time period.  When 
interpreting these results as differences amongst individuals it is not as surprising that each 
feeder fluctuated differently with ingredients with different levels of experience.  Yet, when 
attempting to present an overall conclusion based on these results it is difficult to ignore the 
randomness of personnel and environmental factors that could have influenced these results. 
In this regard, the specific feed ingredients were then compared to each other in a binary 
odds ratio model to determine the likelihood of an absolute loading error exceeding 10% (Table 
6-11).  This suggested range was taken from the proceedings of the Penn State Dairy Cattle 
Nutrition Workshop (2005), which suggested that a coefficient of variation of less than 10% is 
both desirable and obtainable.  Between 10 to 25% would then show a need for improvement and 
a variation greater than 25% would present a cause for concern (Behnke, 2005).  When looking 
exclusively at forages, corn silage compared to haylage and wheat straw, we found that haylage 
was 5.75 times more likely and wheat straw was 4.83 times more likely to exceed the acceptable 
range of error (P < 0.01).  As discussed previously, corn silage appeared to have the lowest 
loading error theoretically linked to the weight of the ingredient and the large portion of the diet, 
which would make similar error weights result in reduced loading error percentages.  Wheat 
straw, which also was used in large quantities, is thought to have presented a greater challenge 
due to the light density characteristics.  When comparing the grains and pelleted feeds compared 
to the stability of concentrate, corn gluten feed was 7.49 times, soy hulls were 12.54 times,  and 
whole cottonseed was 8.96 times more likely to exceed the 10% targeted loading error range (P 
< 0.01). 
It should be noted that corn gluten feed, soy hulls, and whole cottonseed, were only used 




more accustomed to these ingredients and gradually reducing the loading error over time.  These 
ingredients also were used sparingly in the formulated diets, further exacerbating the percent of 
loading error when minor fluctuations occurred.  The absence of significant differences among 
feeders indicates that these ingredients presented a challenge to all of the feeders at any 
experience level.  On the other hand, grains and pelleted feeds often represent the greatest cost to 
the producer and closely monitoring this possibility of waste could impact income over feed 
costs.  
CONCLUSIONS 
The lack of available literature to support the discussion of these findings ultimately 
leaves the suggestions made in this analysis difficult to corroborate.  Regardless, the primary 
take-away message of this analysis is to approach the topic of human error in the mixing 
procedure with consideration of differences in both individual personnel and ingredients being 
used.  Techniques and training protocols may be differentially effective with specific people.  
However, the differences among people can also be related to the differences in environmental 
challenges each feeder faces.   Employing feed loading monitoring technology can enable 
producers to find ways to encourage lower ingredient error ranges, which ultimately could 
improve profitability through reduced feed waste and less fluctuation in feed delivery to dairy 
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Table 6-1: Overall absolute loading errors for individual ingredients and total mix error by individual feeder identifications over all experience levels 
(time). 
 Feeders1  P-value 
Error2 A B C D E F G H I J K SEM Feeder Time WD3 WS3 
Ingredient 
%                 
   WS 28.76 26.39 18.58 14.62 21.75 18.02 34.21 28.95 26.91 27.66 16.45 22.2 0.59 <0.01 0.71 0.51 
   CS 5.33 7.68 0.67 5.65 1.96 2.79 3.49 3.96 4.88 4.70 4.74 4.5 0.36 <0.01 0.65 0.73 
   Conc. 5.11 6.59 8.93 . 14.01 7.17 3.06 3.23 23.24 12.51 . 19.6 <0.01 0.27 0.59 0.10 
   HS 14.27 27.12 13.01 . 28.56 16.41 12.22 10.46 40.06 23.01 . 32.52 0.01 0.97 0.31 <0.01 
   WCS 17.52 9.38 43.22 . 24.98 24.26 40.87 27.64 61.28 39.22 . 58.2 0.72 <0.01 0.77 . 
   CGF . . 3.59 8.51 2.57 7.15 . . 12.68 14.89 10.67 7.3 0.13 . . . 
   SH . . 9.15 9.68 2.28 6.10 . . 54.26 15.50 17.05 12.3 <0.01 . . . 
Total mix 5.35 10.45 3.17 5.72 3.74 4.98 3.26 3.54 9.48 5.26 6.25 5.38 0.07 0.37 0.48 0.80 
1Eleven feeders were identified by personalized label. 
2Error was calculated as the difference of the programmed ingredient weight (kg) and the actual feed weight loaded (kg) into the mixing wagon as a 
percentage (%): WS = wheat straw; CS = corn silage, Conc = concentrate grain mixture; HS = haylage; WCS = whole cotton seed; CGF = corn 
gluten feed; and SH = soy hulls. 







Table 6-2: Absolute loading errors for individual ingredients and total mix error identifications over all experience levels (time).  Experience level of 
at least 30 d of mixing. 
 Feeders1  P-value 
Error2 A B C D E F G H I J K SEM Feeder Time WD3 WS3 
Ingredient
%                 
   WS 15.75 14.09 25.10 11.21 18.38 15.47 16.81 13.91 35.60 12.64 7.78 28.8 0.55 0.06 0.55 0.78 
   CS 0.34 5.65 -11.0 5.17 0.74 3.30 3.29 1.04 5.30 1.08 4.10 12.1 0.76 0.03 0.84 0.80 
   Conc. 0.43 2.44 0.08 . 10.14 -0.49 1.43 0.16 31.13 2.38 . 15.3 <0.01 0.57 0.34 0.30 
   HS 3.76 11.56 1.21 . 19.19 4.96 5.34 5.66 46.82 3.09 . 24.3 <0.01 0.87 0.24 0.89 
   WCS 19.82 -10.3 30.48 . 25.51 50.97 51.16 11.84 28.65 30.79 . 80.0 0.88 0.35 0.96 . 
   CGF . . . 9.56 . . . . . . 9.01 1.05 0.70 <0.01 . . 
   SH . . . 3.76 . . . . . . 23.56 10.0 0.16 0.78 . . 
Total mix 2.04 12.10 -9.93 3.73 3.45 2.11 2.65 0.06 11.60 0.43 3.97 17.6 0.34 0.38 0.55 0.84 
1Eleven feeders were identified by personalized label. 
2Error was calculated as the difference of the programmed ingredient weight (kg) and the actual feed weight loaded (kg) into the mixing wagon as a 
percentage (%): WS = wheat straw; CS = corn silage, Conc = concentrate grain mixture; HS = haylage; WCS = whole cotton seed; CGF = corn 
gluten feed; and SH = soy hulls. 







Table 6-3: Absolute loading errors for individual ingredients and total mix error by individual feeder identifications over all experience levels 
(time).  Experience level of between 30 and 60 d of mixing. 
 Feeders1  P-value 
Error2 B D F G H I J K SEM Feeder Time WD3 WS3 
Ingredient 
%              
   WS 2.99 -5.96 0.91 6.96 7.15 2.05 47.60 -5.88 15.7 <0.01 0.79 0.62 0.97 
   CS 2.10 3.71 -1.22 -0.42 -0.13 2.87 4.63 1.51 2.6 0.05 0.66 0.42 0.02 
   Conc. -2.64 . -1.08 -14.67 -1.47 -12.01 19.45 . 10.6 0.03 0.20 0.29 0.04 
   HS 30.04 . 5.49 10.98 7.79 -9.84 64.97 . 20.3 0.01 0.12 0.01 <0.01 
   WCS 10.88 . 2.38 10.91 6.66 29.82 68.40 . 50.5 0.65 . . . 
   CGF . 10.82 . . . . -9.30 12.04 12.3 0.25 0.49 . . 
   SH . 11.53 . . . . 9.72 14.53 10.3 0.64 0.05 . . 
Total mix 1.93 1.98 1.40 -0.67 -1.24 6.81 7.89 3.04 3.3 0.02 0.87 0.88 0.70 
1Eleven feeders were identified by personalized label. 
2Error was calculated as the difference of the programmed ingredient weight (kg) and the actual feed weight loaded (kg) into the mixing wagon as a 
percentage (%): WS = wheat straw; CS = corn silage, Conc = concentrate grain mixture; HS = haylage; WCS = whole cotton seed; CGF = corn 
gluten feed; and SH = soy hulls. 









Table 6-4: Absolute loading errors for individual ingredients and total error by individual feeder identifications over all experience levels 
(time).  Experience level of between 60 and 90 d of mixing. 
 Feeders1  P-value 
Error2 F G H I J SEM Feeder Time WD3 WS3 
Ingredient 
%           
   WS 22.54 22.24 17.35 15.60 11.57 5.3 0.28 0.78 0.08 <0.01 
   CS 6.43 1.84 6.43 3.32 6.30 2.5 0.39 <0.01 0.12 0.17 
   Conc. -1.37 7.35 7.13 12.89 . 19.3 0.87 0.64 0.64 . 
   HS 22.04 2.28 -0.72 -1.99 . 18.6 0.34 0.46 0.59 . 
   WCS -13.83 22.55 4.11 24.24 . 37.4 0.38 0.54 . . 
   CGF . . . 15.07 9.49 4.0 0.33 0.03 0.36 . 
   SH . . . 55.22 19.91 33.5 0.45 0.93 0.96 . 
Total mix 7.48 2.47 4.35 7.17 7.37 2.6 0.40 0.11 0.73 0.50 
1Eleven feeders were identified by personalized label. 
2Error was calculated as the difference of the programmed ingredient weight (kg) and the actual feed weight loaded (kg) into the mixing wagon as a 
percentage (%): WS = wheat straw; CS = corn silage, Conc = concentrate grain mixture; HS = haylage; WCS = whole cotton seed; CGF = corn 
gluten feed; and SH = soy hulls. 








Table 6-5: Absolute loading errors for individual ingredients and total error by individual identifications over all experience levels (time).   
Experience level of between 90 and 120 d of mixing. 
 Feeders1  P-value 
Error2 F G SEM Feeder Time 
Ingredient 
%      
   WS 30.84 11.90 12.8 0.31 0.80 
   CS 3.62 0.54 1.7 0.22 0.97 
   Conc. 23.39 -4.46 10.2 0.08 0.94 
   HS 29.28 6.29 14.8 0.29 0.79 
   WCS 5.56 2.01 0.07 0.02 0.02 
   CGF . . . . . 
   SH . . . . . 
Total 9.56 1.20 3.1 0.09 0.84 
1Eleven feeders were identified by personalized label. 
2Error was calculated as the difference of the programmed ingredient weight (kg) and the actual feed weight loaded (kg) into the mixing wagon as a 
percent (%): WS = wheat straw; CS = corn silage, Conc = concentrate grain mixture; HS = haylage; WCS = whole cotton seed; CGF = corn gluten 





Table 6-6. Pearson correlations of absolute values of individual ingredient loading errors with feeders, experience (time), diet, and environmental 
factors 
 Times Diet Feeder Wind Speed Wind Direction Temperature 
Variable Error r P r P r P r P r P r P 
Ingredients             
   Straw 0.07 0.05 0.20 <0.01 -0.01 0.73 0.11 <0.01 0.02 0.67 -0.07 0.06 
   Concentrate 0.11 0.02 -0.03 0.50 0.09 0.06 0.14 <0.01 -0.02 0.68 0.14 <0.01 
   Corn Silage -0.04 0.32 -0.05 0.18 -0.01 0.84 0.02 0.69 0.04 0.32 0.02 0.64 
   Haylage -0.01 0.80 -0.18 <0.01 -0.02 0.69 0.15 <0.01 0.06 0.23 0.13 0.01 
   Whole Cottonseed 0.03 0.59 n/a n/a 0.10 0.13 0.06 0.34 -0.02 0.72 -0.10 0.11 
   Corn Gluten Feed -0.02 0.77 n/a n/a 0.20 <0.01 -0.03 0.61 0.11 0.10 0.14 0.02 
   Soy Hulls -0.10 0.10 n/a n/a 0.20 <0.01 -0.03 0.61 0.11 0.10 0.14 0.02 















Table 6-7. Pearson correlations of absolute values of individual ingredient errors and experience for feeders A and E 
 Overall 30 d 
Variable Error r P r P 
A     
  Straw 0.01 0.95 0.25 0.35 
  Concentrate -0.06 0.74 0.03 0.93 
  Corn Silage 0.01 0.94 0.19 0.49 
  Haylage 0.02 0.93 0.18 0.51 
  Whole Cottonseed 0.01 0.94 -0.05 0.85 
  Corn Gluten Feed . . . . 
  Soy Hulls . . . . 
  Total mix 0.02 0.92 0.20 0.45 
E     
  Straw -0.11 0.53 0.46 0.04 
  Concentrate 0.29 0.20 0.37 0.11 
  Corn Silage 0.04 0.83 0.15 0.52 
  Haylage 0.08 0.72 0.17 0.46 
  Whole Cottonseed 0.25 0.43 0.40 0.26 
  Corn Gluten Feed -0.32 0.33 . . 
  Soy Hulls 0.29 0.39 . . 









Table 6-8. Pearson correlations of absolute values of individual ingredient errors and experience for feeders B, D, and K 
 Overall 30 d 60 d 
Variable Error r P r P r P 
B       
  Straw 0.07 0.63 0.05 0.83 -0.19 0.43 
  Concentrate 0.08 0.58 0.04 0.86 0.31 0.20 
  Corn Silage 0.08 0.55 -0.03 0.91 -0.06 0.81 
  Haylage 0.06 0.66 0.18 0.40 -0.41 0.08 
  Whole Cottonseed -0.05 0.86 -0.26 0.50 0.77 0.13 
  Corn Gluten Feed . . . . . . 
  Soy Hulls . . . . . . 
  Total mix -0.01 0.93 0.23 0.29 0.03 0.90 
D       
  Straw -0.15 0.29 0.11 0.65 -0.01 0.99 
  Concentrate . . . . . . 
  Corn Silage -0.14 0.34 -0.36 0.12 0.24 0.21 
  Haylage . . . . . . 
  Whole Cottonseed . . . . . . 
  Corn Gluten Feed 0.40 <0.01 0.35 0.13 0.21 0.28 
  Soy Hulls 0.14 0.34 -0.02 0.92 -0.07 0.70 
  Total mix -0.16 0.26 0.02 0.93 0.27 0.15 
K       
  Straw -0.06 0.65 0.08 0.70 0.11 0.56 
  Concentrate . . . . . . 
  Corn Silage -0.05 0.70 0.09 0.66 -0.02 0.94 
  Haylage . . . . . . 
  Whole Cottonseed . . . . . . 
  Corn Gluten Feed 0.11 0.42 0.13 0.51 0.29 0.12 
  Soy Hulls -0.11 0.41 0.27 0.17 -0.15 0.44 





Table 6-9. Pearson correlations of absolute values of individual ingredient errors and experience for feeders H, I, and J 
 Overall 30 d 60 d 90 d 
Variable Error r P r P r P r P 
H         
  Straw 0.17 0.16 -0.11 0.60 0.30 0.21 0.27 0.26 
  Concentrate 0.17 0.18 -0.38 0.05 0.57 0.01 0.15 0.53 
  Corn Silage 0.13 0.28 -0.22 0.26 -0.19 0.44 -0.36 0.12 
  Haylage -0.02 0.87 -0.08 0.68 0.18 0.47 0.22 0.37 
  Whole Cottonseed -0.37 0.03 -0.20 0.53 -0.01 0.99 0.06 0.89 
  Corn Gluten Feed . . . . . . . . 
  Soy Hulls . . . . . . . . 
  Total mix 0.12 0.34 -0.08 0.68 0.12 0.63 -0.34 0.15 
I         
  Straw -0.41 <0.01 0.06 0.85 -0.16 0.70 -0.54 <0.01 
  Concentrate -0.17 0.38 0.10 0.74 0.28 0.50 0.36 0.49 
  Corn Silage -0.26 0.07 0.11 0.71 -0.74 0.04 0.18 0.34 
  Haylage -0.35 0.07 0.45 0.11 -0.58 0.13 0.17 0.75 
  Whole Cottonseed 0.08 0.85 . . . . 0.42 0.49 
  Corn Gluten Feed -0.11 0.61 . . . . -0.11 0.61 
  Soy Hulls -0.28 0.20 . . . . -0.28 0.20 
  Total mix -0.23 0.10 0.23 0.42 -0.24 0.57 0.23 0.24 
J         
  Straw -0.13 0.22 0.29 0.26 0.30 0.19 0.17 0.41 
  Concentrate 0.27 0.11 -0.25 0.33 0.19 0.45 . . 
  Corn Silage 0.04 0.71 0.03 0.90 -0.09 0.69 -0.12 0.55 
  Haylage 0.13 0.45 -0.55 0.02 -0.12 0.62 . . 
  Whole Cottonseed 0.42 0.03 -0.23 0.54 0.47 0.04 . . 
  Corn Gluten Feed 0.01 0.98 . . . . -0.21 0.29 
  Soy Hulls 0.09 0.52 . . . . -0.11 0.57 









Table 6-10. Pearson correlations of absolute values of individual ingredient errors and experience for feeders F and G 
 Overall 30 d 60 d 90 d 120 d 
Variable Error r P r P r P r P r P 
F           
  Straw -0.03 0.74 0.10 0.64 -0.32 0.14 0.25 0.29 -0.43 0.10 
  Concentrate 0.14 0.12 0.07 0.72 0.26 0.24 0.30 0.20 -0.40 0.13 
  Corn Silage -0.17 0.03 0.19 0.37 0.31 0.17 -0.18 0.45 -0.17 0.52 
  Haylage -0.03 0.77 0.20 0.32 0.45 0.03 0.21 0.37 -0.37 0.16 
  Whole Cottonseed -0.10 0.45 -0.02 0.95 -0.43 0.25 -0.17 0.71 0.32 0.53 
  Corn Gluten Feed 0.04 0.79 . . . . . . . . 
  Soy Hulls 0.29 0.03 . . . . . . . . 
  Total mix -0.09 0.21 0.07 0.73 0.51 0.01 0.17 0.48 -0.51 0.04 
G           
  Straw 0.31 <0.01 -0.05 0.81 -0.05 0.86 0.13 0.57 0.28 0.21 
  Concentrate 0.19 0.07 -0.04 0.84 0.04 0.90 -0.01 0.99 -0.09 0.70 
  Corn Silage 0.10 0.33 -0.42 0.02 0.58 0.04 -0.02 0.92 0.02 0.92 
  Haylage 0.24 0.03 -0.35 0.06 0.57 0.04 0.40 0.08 0.24 0.28 
  Whole Cottonseed 0.16 0.25 -0.38 0.25 -0.19 0.76 0.06 0.85 0.38 0.13 
  Corn Gluten Feed . . . . . . . . . . 
  Soy Hulls . . . . . . . . . . 









Table 6-11: Odds ratio of ingredients having a loading error of greater than 10% away from zero  
Contrast Coefficient SEM Odds ratio2 95% CI P 
Forages      
   Haylage vs Corn silage 1.75 0.20 5.75 3.8-8.6 <0.01 
   Wheat straw vs Corn     
   silage 1.57 0.20 4.83 3.3-7.1 <0.01 
Grain/Pellets      
   Corn Gluten Feed vs  
   Concentrate 2.01 0.28 7.49 4.3-13.0 <0.01 
   Soy hulls vs  
   Concentrate 2.53 0.27 12.54 7.3-21.5 <0.01 
   Whole cottonseed vs  









Figure 6-1: Scatter plot of the total mix absolute loading error of eleven feeders over the course of 90 days of feeding experience 
1A subjective cut-off of 10% was created as an acceptable range of total mix error within a diet.  Here, 91.3% of plotted errors was below this 
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Chapter 7: Conclusions 
At the conclusion of these studies, the innumerable factors that can affect the 
transitioning dairy cow and the complexity in which these factors interact is apparent.  For every 
proposed question or suggested solution, there are numerous ways to approach the goal of 
providing support to the cow during this period.  While some strategies make big differences in 
the production and health of these cows, the answer is generally reliant on the specific situation.  
Ultimately, success depends on how all of the factors, working together, are able to alleviate 
some of the pressure that freshening cows are put under. 
Our first objective was to investigate the effects of supplementing Saccharomyces 
cerevisiae fermentation products (SCFP) to dairy cows during the transition period.  Dairy 
producers are looking for preventative feed additives that can optimize health during this stage 
and, consequently, improve production and profitability.  Supplementing SCFP is meant to 
increase fiber degradation and the flow of microbial proteins through the increase in fiber 
digesting bacteria.  Decreasing lactic acid producing bacteria would then further stabilize the 
rumen environment.  The ability to detect health benefits is largely hampered by the number of 
animals included in a study, which was not sufficient in our experiment.  Adverse health events 
were not reduced after using this product and neither milk yield nor milk components were 
increased.  The possible benefits of increased blood concentrations of total protein, specifically 
the globulin fraction, may have provided better adaptation to the lactation diet, but had no impact 
on production.  The variability of yeast products is influenced by outside factors, such as diet 
formulation, and in our operation with the diets we offered, SCFP was unable to mitigate the 




Our second objective was to explore the interaction of dietary calcium (Ca) and a 
negative dietary cation-anion difference (DCAD) in prepartum diets, targeting a urine pH range 
of 5.5 to 6.0 to create a state of metabolic acidosis.  Manipulating the metabolic state prior to 
calving prevents hypocalcemia in freshening dairy cows because of the priming mechanism of 
the parathyroid hormone to Ca mobilization and conservation.  Subclinical hypocalcemia (SCH) 
impacts health and productivity by increasing the risk of experiencing other metabolic disorders.  
Providing an acidogenic prepartum diet, regardless of restricted or supplemented dietary Ca, 
proved to reduce SCH, increase postpartum intake, and increase milk production.  Restricting 
dietary Ca in US forage based rations is a challenge.  By testing low and high dietary levels of 
Ca in the acidogenic close-up diets without observing a production or health difference between 
the two, this may give producers an alternative option in formulating the prepartum ration.  The 
slight tendency for greater dry matter intake and the calculated increase in water intake during 
the weeks prior to calving for cows offered a combination of supplemented dietary Ca and a 
negative DCAD ration also presents a way to encourage that behavior prior to calving. 
Our third objective focused exclusively on the innate immune system, measured through 
neutrophil and monocyte phagocytosis and oxidative burst activity.  No differences were 
observed when comparing feed additive treatments within study or between the two studies as a 
whole.  The same cows were used, under consistent management, and in the same facilities, but 
other factors impacted the observed differences more than the feed additives tested.  Neither did 
the Ca status of the cows overall when defined as experiencing SCH during the first 24 h after 
calving. 
The final objective was to review the tracked human loading error of individual feed 




the differences in loading error by person, environmental factors, and changes over time based 
on experience was calculated.  Personnel differences, changes based on experience, and wind 
direction and speed were found to impact loading error and contribute to the variation of the total 
ration.  Encouraging lower ingredient error ranges could reduce feed waste and fluctuations in 







Appendix Table A-1. Data for cows excluded from experiment, listed chronologically by calving 
date (Chapter 3). 
Cow ID Event DIM Date Trt1 Action2 Comments 
8777 Twins Pre 3/29/2014 1 Dropped . 
8653 Calved early Pre 5/6/2014 1 Dropped . 
8499 Not pregnant Pre 7/8/2014 3 Dropped . 
1409 
Chronic health 
problem in early 
lactation 
Beginning at 
14 12/9/2014 4 Excluded 
Mastitis, metritis, 
DA, peritonitis 
8947 Twins Pre 12/16/2014 3 Dropped . 
8611 
Chronic health 
problem in early 
lactation 
Beginning at 
6 12/22/2014 2 Excluded 
Ketosis, metritis, 
DA 
8787 Twins Pre 12/23/2014 4 Dropped . 
8807 Twins Pre 12/27/2014 1 Dropped . 
8812 
Chronic health 
problem in early 
lactation 23 thru 29 12/27/2014 2 Excluded Ketosis, metritis 
8916 
Chronic health 
problem in early 
lactation 
Beginning at 
18 12/28/2014 2 Excluded 
Ketosis, metritis, 
dehydration/fever 
8549 Twins Pre 12/30/2014 4 Dropped . 
8873 
Chronic health 
problem in early 
lactation 4 thru 20 12/31/2014 2 Excluded Re-DA, ketosis 
8714 
No rumen activity 
- transfaunated 28 1/4/2015 2 Removed DA 
8547 
Chronic health 
problem in early 
lactation 5 thru 30 1/8/2015 3 Excluded Ketosis 
8405 
Chronic health 
problem in early 
lactation 3 thru 18 1/11/2015 4 Excluded 
Re-DA, 
peritonitis 
1410 Blood poisoning 18 1/16/2015 3 Euthanized . 
1414 
Chronic health 
problem in early 
lactation 
Beginning at 
4 1/20/2015 2 Excluded 
Ketosis, metritis, 
DA 
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8914 
Chronic health 
problem in high 






problem in high 
period 
Beginning at 






8902 Early calving Pre 1/26/2015 2 Dropped . 
1413 Scared of barn 40 2/20/2015 3 Removed . 
1405 
Foot & leg 
problems 67 2/21/2015 4 Euthanized . 
1420 
Right displaced 
abomasum (RDA) 19 3/6/2015 3 Euthanized . 
8991 Not pregnant Pre 3/12/2015 4 Dropped . 
8788 Twins Pre 3/18/2015 3 Dropped . 
1426 Scared of barn 27 4/16/2015 3 Removed . 
7821 
Misdiagnosed 
calving date Pre - 1 Dropped . 
28092 
Neurological 
problem 19 4/23/2015 2 Euthanized . 
8781 
Chronic health 
problem in early 
lactation 
Beginning at 
10 5/1/2015 4 Excluded 
Ketosis, mastitis, 
DA 
8797 Abortion Pre 5/2/2015 3 Dropped . 
8811 Twins Pre 5/3/2015 4 Dropped . 
8314 
Sudden death, 
cause unknown 19 5/11/2015 3 Died . 
8934 
Chronic health 
problem in high 






problem in high 






8965 Twins Pre 7/17/2015 4 Dropped . 
8932 
Chronic health 
problem in early 
lactation 
Beginning at 
1 7/25/2015 2 Excluded 
Ketosis, metritis, 
mastitis, DA 
8998 Twins Pre 7/29/2015 4 Dropped . 
8687 
Chronic health 
problem in early 
lactation 
Beginning at 
5 7/29/2015 2 Excluded 
Ketosis, metritis, 
dehydration/fever 
8937 Twins Pre 8/1/2015 2 Dropped . 
8826 
Chronic health 
problem in early 
lactation 
Beginning at 
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9024 Peritonitis 26 8/3/2015 3 Removed . 
9011 
Chronic health 
problem in high 






problem in early 
lactation 
Beginning a 
5 8/13/2015 3 Excluded 
Ketosis, mastitis, 
metritis, DA 
8697 Peritonitis 8 8/16/2015 4 Euthanized . 
8981 Twins aborted Pre 8/17/2015 4 Dropped . 
9012 Twins Pre 8/26/2015 2 Dropped . 
8739 Calved early Pre 9/5/2015 3 Dropped . 
9030 Calved early Pre 9/18/2015 3 Dropped . 
8731 
Cardiac 
complications 11 10/1/2015 2 Euthanized . 
8953 
Chronic health 
problems in early 
lactation 
Beginning at 
7 10/9/15 1 Excluded 
DA, ketosis, 
mastitis, metritis 
9008 Dislocated hip 3 10/12/2015 2 Euthanized . 
8449 Not enrolled Pre - 3 Dropped  
8903 Twins aborted Pre 10/14/2015 4 Dropped . 
8096 Kidney failure 20 10/15/2015 2 Died . 
8506 
Sudden death, 
cause unknown 51 11/3/2015 4 Died . 
9031 
Nerve damage in 
rear leg 3 11/15/2015 4 Euthanized . 
8759 
Chronic health 
problem in high 






from DA surgery 10 12/15/2015 4 Euthanized . 




date Pre 1/7/2016 3 Dropped . 
1 Treatment 1 = CON, 2 = XPC, 3 = NTL, 4 = NTH: Treatments consist of 50 g top dress 
mixtures of ground corn (CON), 18 g of XPC (XPC), 19 g of NutriTek (NTL), and 38 g of 
NutriTek (NTH) 
2 Dropped = removed during dry period because of undiagnosed twins or calving within 14 days 
of beginning treatment; Died = after calving; Euthanized = veterinary decision, with reason; 
Removed = removed for health considerations during the trial; Excluded = removed data 





Appendix Table A-2. Cows that received propylene glycol, showing the days in milk (DIM) 
when administered (Chapter 3). 
Cow ID DIM Diet Treatment1 Action2 
1414 2, 4, 5, 6, 7, 8, 9, 10 1 2 Excluded 
8611 
3, 6, 7, 12, 13, 14, 15, 16, 17, 18, 
36, 37, 38 1 2 Excluded 
8812 24, 26, 27, 28, 29 1 2 Excluded 
8873 10, 12, 16, 22, 23, 24 1 2 Excluded 
8916 18, 19 1 2 Excluded 
8547 
6, 7, 8, 9, 10, 11, 12, 13, 15, 16, 17, 
20, 21, 24, 28, 29, 30 1 3 Excluded 
8953 7, 9, 11, 13, 15, 33, 34 2 1 Excluded 
8687 5, 23, 24, 25, 45, 46, 47 2 2 Excluded 
8932 3, 4, 5, 8, 9, 12, 13, 14, 24, 25 2 2 Excluded 
1426 8, 9, 24, 25, 26, 28 2 3 Excluded 
8735 11, 12, 17, 19 2 3 Excluded 
8781 12, 15, 16, 20 2 4 Excluded 
8826 7, 8, 9 2 4 Excluded 
8357 14, 15 1 1 Included 
8742 10, 11, 14, 37, 38, 39 1 1 Included 
8941 
13, 14, 15, 16, 17, 18, 19, 20, 38, 
39 1 1 Included 




1418 5 1 2 Included 
1406 18, 19, 20, 24, 25, 33 1 3 Included 
8515 4, 8, 9, 16, 17, 18 1 3 Included 
1425 12, 13 2 1 Included 
8406 1, 2, 3, 4 2 1 Included 
8693 6, 9, 14, 15, 32, 33, 34 2 1 Included 
8705 3, 4, 5, 14, 15, 26, 28, 30, 31 2 1 Included 
8718 1 2 1 Included 
8809 5, 6, 7, 10, 17, 18, 19 2 1 Included 
8822 11, 12, 13 2 1 Included 
8831 8, 9, 10, 12, 13, 14 2 1 Included 
8883 2, 3, 4, 5, 6, 7  2 1 Included 




96 12, 14 2 2 Included 
1423 9, 11, 13 2 2 Included 
8332 4 2 2 Included 
8550 5, 6, 14, 16, 17, 18, 19 2 2 Included 
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8702 2 2 2 Included 
8801 4, 8, 9, 12 2 2 Included 
8813.2 7 2 2 Included 
8848 13, 14, 20, 21 2 2 Included 
8931 2, 3, 6, 7 2 2 Included 
9006 14 2 2 Included 
216 13, 14, 16, 23, 24 2 3 Included 
1402 1, 5, 6 2 3 Included 
8640 2, 4 2 3 Included 
8865 3, 4, 5 2 3 Included 
8872 1 2 3 Included 
8914.2 6, 7, 8, 9 2 3 Included 
9019 12, 13 2 3 Included 
8602 4, 5, 8, 9, 10 2 4 Included 
8676 5, 6 2 4 Included 
8754 2, 3, 4 2 4 Included 
8817 7, 8, 9, 10, 11, 12 2 4 Included 
8855 7 2 4 Included 
8880.2 1, 2 2 4 Included 
8881 2 2 4 Included 
8936 18, 19 2 4 Included 
9010 4 2 4 Included 
9014 15 2 4 Included 








1413 5, 6, 7, 8, 10, 11, 12, 13 1 3 Removed 
8714 7, 23, 24, 25 2 2 Removed 
9024 17 2 3 Removed 
1405 6, 7, ,11, 12, 13, 14, 37, 38 1 4 Died 
8096 10, 11, 12, 13, 14, 15 2 2 Died 
8506 4, 5, 6 2 4 Died 
1 Treatment 1 = CON, 2 = XPC, 3 = NTL, 4 = NTH: Treatments consist of 50 g top dress 
mixtures of ground corn (CON), 18 g of XPC (XPC), 19 g of NutriTek (NTL), and 38 g of 
NutriTek (NTH) 
2 Dropped = removed during dry period because of undiagnosed twins or calving within 14 days 
of beginning treatment; Died = after calving; Removed = removed for health considerations 





Appendix Table A-3. Cow list assigned to diet, treatment, parity, and block (Chapter 3). 
Cow ID Calving date Diet Treatment1 Parity Block 
96 4-20-15 2 2 2 18 
216 9-14-15 2 3 2 28 
847 4-15-15 2 1 2 16 
1402 10-23-15 2 3 2 31 
1406 12-30-14 1 3 1 7 
1407 12-19-14 1 1 1 5 
1411 1-16-15 1 1 2 6 
1412 1-22-15 1 3 1 9 
1415 1-16-15 1 4 1 7 
1416 1-31-15 1 1 1 7 
1417 2-25-15 2 4 1 13 
1418 1-29-15 1 2 1 11 
1419 2-17-15 2 1 1 15 
1421 1-29-15 1 2 1 9 
1422 2-2-15 2 4 1 11 
1423 3-1-15 2 2 2 12 
1425 2-5-15 2 1 1 11 
7821 3-12-15 2 1 2 12 
8124 4-28-15 2 4 2 18 
8236 3-20-15 2 1 2 14 
8271 12-1-15 2 2 2 35 
8332 10-31-15 2 2 2 33 
8357 1-27-15 1 1 2 10 
8367 1-29-15 1 2 2 10 
8406 1-9-15 2 1 2 31 
8515 12-25-14 1 3 2 4 
8550 8-4-15 2 2 2 24 
8593 9-30-15 2 2 2 30 
8602 10-23-15 2 4 2 31 
8619 10-25-15 2 1 2 32 
8640 11-6-15 2 3 2 33 
8644 3-27-15 2 2 2 14 
8661 1-31-15 1 4 2 10 
8675 12-18-14 1 4 2 2 
8676 3-18-15 2 4 2 14 
8683 1-19-15 1 2 2 8 
8690 1-3-15 1 2 2 6 
8693 8-31-15 2 1 2 26 
8702 10-22-15 2 2 2 32 
8705 8-2-15 2 1 2 22 
8706 2-9-15 2 4 2 12 
8718 12-8-15 2 1 2 35 
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8742 12-13-14 1 1 2 2 
8749 6-17-15 2 1 2 20 
8754 10-29-15 2 4 2 33 
8758 11-27-14 1 3 2 2 
8759 10-27-15 2 4 2 32 
8764 2-6-15 2 3 2 10 
8768 8-24-15 2 3 2 26 
8774 4-13-15 2 3 2 16 
8775 3-10-15 2 3 2 12 
8801 4-30-15 2 2 2 20 
8809 9-26-15 2 1 2 30 
8813 12-13-14 1 4 1 3 
8817 7-21-15 2 4 2 20 
8821 4-25-15 2 1 2 18 
8822 9-20-15 2 1 2 28 
8828 10-23-15 2 3 2 32 
8831 8-12-15 2 1 2 24 
8848 8-3-15 2 2 2 22 
8855 9-25-15 2 4 2 30 
8865 7-22-15 2 3 2 20 
8872 12-4-15 2 3 2 35 
8880 11-26-14 1 1 1 1 
8881 12-6-15 2 4 2 35 
8883 10-29-15 2 1 2 34 
8893 3-13-15 2 3 1 15 
8896 1-26-15 1 4 1 9 
8898 4-2-15 2 2 1 17 
8900 8-5-15 2 1 1 23 
8906 11-27-14 1 3 1 1 
8909 3-22-15 2 3 1 17 
8910 12-4-15 2 3 1 29 
8914 12-12-14 1 2 1 3 
8917 4-21-15 2 4 1 17 
8923 1-19-15 1 1 1 9 
8930 4-19-15 2 2 1 19 
8931 11-6-15 2 2 1 29 
8934 4-1-15 2 4 1 15 
8936 8-4-15 2 4 1 23 
8941 12-16-14 1 1 1 3 
8946 10-2-15 2 1 1 27 
8950 9-24-15 2 3 1 25 
8955 4-21-15 2 4 1 19 
8958 3-26-15 2 2 1 15 
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8967 3-24-15 2 1 1 17 
8968 2-6-15 2 1 1 13 
8993 9-13-15 2 1 1 24 
9000 8-7-15 2 3 1 23 
9006 9-18-15 2 2 1 25 
9010 9-28-15 2 4 1 27 
9011 7-7-15 2 1 1 21 
9014 9-17-15 2 4 1 25 
9019 5-26-15 2 3 1 19 
9034 8-26-15 2 2 1 24 
9059 12-5-15 2 1 1 29 
88132 11-28-15 2 2 2 34 
88802 11-5-15 2 4 2 34 
1 Treatment 1 = CON, 2 = XPC, 3 = NTL, 4 = NTH: Treatments consist of 50 g top dress 








1Dry matter intake was measured daily and summarized by week. 
2BW and BCS were measured once weekly. 
3Colostrum defined as the first milking only. 
4Treatments consist of 50 g top dress mixtures of ground corn: 50 g of corn carrier (CON), 18 g of yeast fermentation product Diamond V’s original 
XPC (XPC), 19 g of yeast fermentation product Diamond V’s NutriTek (NTL), and 38 g of yeast fermentation product Diamond V’s NutriTek 
(NTH); starting at -26 d prior to expected calving 
  
Appendix Table A-4. Least squares means for DMI, BW, and BCS during the prepartum period (starting at -26 d to expected calving date) and 
calving data for cows in the final data set (Chapter 3). 







































DMI1, kg 14.1 14.0 14.1 13.6 
0.7
0 0.90 0.19 0.65 <0.01 0.06 0.77 0.93 0.61 0.85 0.45 
DMI, % of BW 1.92 1.83 1.79 1.87 
0.1
0 0.76 0.87 0.70 <0.01 0.06 0.46 0.78 0.56 0.32 0.72 
BW2, kg 754 763 786 735 20 0.24 0.03 0.86 0.05 0.77 0.67 0.38 0.05 0.17 0.42 
BCS2 3.79 3.79 3.80 3.80 
0.0
4 0.99 0.06 0.92 <0.01 0.63 0.95 0.88 0.98 0.91 0.93 
Calving BW, kg 717 711 754 700 17 0.13 0.04 0.95 - - 0.77 0.07 0.02 0.09 0.42 
Colostrum3, kg 5.3 6.0 5.3 5.1 1.0 0.91 0.03 0.87 --- --- 0.59 0.62 0.86 0.99 0.86 
Colostrum3 IgG, 
mg/mL 89.5 100.7 81.1 96.4 9.0 0.29 0.43 0.07 - - 0.28 0.07 0.15 0.44 0.50 




Appendix Table A-5. Least squares means for DMI, BW, and BCS during the prepartum period (starting at -26 d to expected calving date) and 
calving data for all cows that calved (Chapter 3). 




n = 32 
XPC 
n = 23 
NTL 
n = 21 
NTH 


























DMI1, kg 14.2 13.7 12.9 12.9 0.6 0.27 0.09 0.64 <0.01 0.06 0.46 0.29 0.91 0.09 0.11 
DMI, % of BW 1.91 1.81 1.65 1.74 0.09 0.15 0.58 0.51 <0.01 0.05 0.34 0.16 0.48 0.03 0.13 
BW2, kg 754 766 782 753 17 0.50 0.01 0.92 <0.01 0.39 0.54 0.44 0.18 0.19 0.99 
BCS2 3.79 3.80 3.79 3.79 0.04 0.98 0.06 0.92 0.01 0.59 0.71 0.78 0.97 0.93 0.90 
Calving BW, 
kg 716 695 726 692 15 0.23 0.01 0.80 --- --- 0.27 0.10 0.09 0.60 0.22 
Colostrum3, kg 5.3 6.2 5.2 5.2 0.80 0.71 0.03 0.57 --- --- 0.38 0.34 0.98 0.95 0.97 
Colostrum3 
IgG, mg/mL 91.8 95.7 82.5 99.8 6.4 0.21 0.78 0.01 --- --- 0.68 0.10 0.04 0.36 0.42 
Calf BW, kg 43.5 43.0 43.6 43.0 1.1 0.94 0.53 0.36 --- --- 0.67 0.64 0.66 0.95 0.69 
1Dry matter intake was measured daily and summarized by week. 
2BW and BCS were measured once weekly. 
3Colostrum defined as the first milking only. 
4Treatments consist of 50 g top dress mixtures of ground corn: 50 g of corn carrier (CON), 18 g of yeast fermentation product Diamond V’s original 
XPC (XPC), 19 g of yeast fermentation product Diamond V’s NutriTek (NTL), and 38 g of yeast fermentation product Diamond V’s NutriTek 





Appendix Table A-6. Least squares means and orthogonal treatment contrasts for DMI, BW, and BCS during the prepartum period (starting at 
-26 d to expected calving date) and calving data for all cows that calved (Chapter 3). 
 Treatments4  Contrasts (P values) 
Variable 
CON 
n = 33 
XPC 
n = 35 
NTL 
n = 30 
NTH 









DMI1, kg 14.2 13.7 12.9 12.9 0.6 0.10 0.24 0.91 
DMI, % of BW 1.91 1.81 1.65 1.74 0.09 0.05 0.23 0.48 
BW2, kg 754 766 782 753 17 0.43 0.93 0.18 
BCS2 3.79 3.80 3.79 3.79 0.04 0.82 0.76 0.97 
Calving BW, kg 716 695 726 692 15 0.47 0.39 0.09 
Colostrum3, kg 5.3 6.2 5.2 5.2 0.80 0.76 0.27 0.96 
Colostrum3 IgG, mg/Ml 91.8 95.7 82.5 99.8 6.4 0.93 0.46 0.04 
Calf BW, kg 43.5 43.0 43.6 43.0 1.1 0.76 0.78 0.66 
1Dry matter intake was measured daily and summarized by week. 
2BW and BCS were measured once weekly. 
3Colostrum defined as the first milking only. 
4Treatments consist of 50 g top dress mixtures of ground corn: 50 g of corn carrier (CON), 18 g of yeast fermentation product Diamond V’s original 
XPC (XPC), 19 g of yeast fermentation product Diamond V’s NutriTek (NTL), and 38 g of yeast fermentation product Diamond V’s NutriTek 






Appendix Table A-7. Least squares means from calving through d 28 (early postpartum1) for DMI, milk yield, milk components, and BW 
(Chapter 3). 




n = 32 
XPC 
n = 23 
NTL 
n = 21 
NTH 


























DMI3, kg/d 16.3 15.8 16.5 16.3 0.88 0.92 0.99 0.61 <0.01 0.38 0.61 0.51 0.87 0.82 0.96 
DMI, % of BW 2.39 2.35 2.34 2.43 0.13 0.93 0.37 0.72 <0.01 0.30 0.78 0.92 0.57 0.72 0.78 
Milk, kg/d 40.7 41.0 42.0 41.3 2.4 0.96 0.02 0.99 <0.01 0.26 0.89 0.71 0.81 0.60 0.81 
FCM4, kg/d 44.0 44.7 44.0 46.5 2.5 0.81 0.13 0.31 <0.01 0.09 0.80 0.82 0.42 0.99 0.36 
ECM5, kg/d 44.3 45.1 44.0 46.8 2.5 0.79 0.09 0.30 <0.01 0.06 0.76 0.73 0.38 0.93 0.36 
Fat6, % 3.98 4.09 4.00 4.23 0.18 0.68 0.37 0.08 <0.01 0.54 0.60 0.71 0.34 0.92 0.24 
Protein6, % 3.00 3.07 2.94 3.10 0.09 0.53 0.05 0.09 <0.01 0.96 0.51 0.26 0.18 0.56 0.37 
Fat, kg/d 1.67 1.73 1.64 1.87 0.10 0.24 0.42 <0.01 0.06 0.19 0.57 0.46 0.07 0.80 0.07 
Protein, kg/d 1.26 1.32 1.24 1.35 0.08 0.63 <0.01 0.55 0.03 0.31 0.49 0.39 0.26 0.78 0.33 
Lactose, % 4.72 4.73 4.68 4.72 0.05 0.82 <0.01 0.10 <0.01 0.40 0.86 0.37 0.49 0.43 0.99 
Other solids, % 5.63 5.65 5.58 5.64 0.05 0.73 <0.01 0.05 <0.01 0.37 0.79 0.29 0.37 0.38 0.89 
Total solids6, % 12.79 12.95 12.54 13.22 0.23 0.13 0.34 0.01 <0.01 0.57 0.55 0.14 0.02 0.30 0.11 
MUN, mg/dL 13.2 13.8 13.8 13.4 0.72 0.74 0.58 0.93 0.02 0.81 0.33 0.94 0.70 0.42 0.71 
SCC6 291 205 197 336 134 0.81 0.06 0.77 0.37 0.32 0.60 0.96 0.43 0.58 0.76 
BW7, kg 683 668 698 671 16 0.45 0.09 0.82 <0.01 0.14 0.43 0.14 0.20 0.42 0.55 
1Milk samples were obtained weekly from 3 consecutive milkings. 
2Treatments consist of 50 g top dress mixtures of ground corn: 50 g of corn carrier (CON), 18 g of yeast fermentation product Diamond V’s original 
XPC (XPC), 19 g of yeast fermentation product Diamond V’s NutriTek (NTL), and 38 g of yeast fermentation product Diamond V’s NutriTek 
(NTH); starting at -26 d prior to expected calving 
3Dry matter intake was measured daily and summarized by week. 
4Fat-corrected milk calculated using the formula: FCM = (0.515*milk weight) + (13.86*fat weight) (Bethard, 2012).   
5Energy-corrected milk calculated using the formula: ECM = (0.327*milk weight) + (12.95*fat weight) + (7.65*protein weight) (Orth, 1992).   
6Data were log transformed for statistical analysis; LS means described in non-transformed values. 






Appendix Table A-8. Least squares means from d 29 through d 73 (high period1) for DMI, milk yield, milk components, and BW (Chapter 3). 




n = 30 
XPC 
n = 22 
NTL 
n = 21 
NTH 




























DMI3, kg/d 21.6 21.63 22.34 21.8 0.77 0.83 0.11 0.28 <0.01 0.41 0.97 0.45 0.57 0.38 0.83 
DMI, % of 
BW 3.33 3.34 3.35 3.37 0.11 0.99 0.86 0.56 <0.01 0.11 0.97 0.92 0.92 0.88 0.80 
Milk, kg/d 48.8 50.7 48.4 49.8 2.2 0.82 0.02 0.49 0.47 0.42 0.43 0.39 0.61 0.87 0.69 
FCM4, kg/d 50.6 49.9 46.5 50.4 1.9 0.17 0.35 0.02 0.50 0.73 0.73 0.12 0.08 0.03 0.91 
ECM5, kg/d 50.1 50.0 46.2 49.6 1.9 0.21 0.37 0.02 0.41 0.60 0.96 0.09 0.12 0.05 0.82 
Fat6, % 3.58 3.25 3.29 3.44 0.10 0.03 0.01 0.09 0.34 0.87 0.01 0.80 0.26 0.02 0.26 
Protein6, % 2.75 2.94 2.73 2.68 0.07 0.02 0.27 <0.01 <0.01 0.23 0.02 0.02 0.60 0.86 0.87 
Fat, kg/d 1.80 1.73 1.58 1.83 0.07 0.01 0.73 <0.01 0.55 0.83 0.37 0.07 <0.01 <0.01 0.67 
Protein, kg/d 1.38 1.54 1.33 1.43 0.07 0.07 0.11 0.01 0.03 0.20 0.04 0.01 0.23 0.50 0.51 
Lactose, % 4.86 4.88 4.85 4.88 0.04 0.91 0.01 0.09 0.31 0.27 0.77 0.53 0.50 0.70 0.72 
Other solids, 
% 5.76 5.78 5.74 5.77 0.04 0.89 0.01 0.04 0.28 0.30 0.65 0.44 0.58 0.70 0.82 
Total solids6, 
% 12.25 11.99 11.75 12.03 0.17 0.06 0.21 0.02 0.27 0.59 0.10 0.34 0.20 0.01 0.25 
MUN, mg/dL 15.0 15.7 15.0 15.5 0.54 0.49 0.01 0.94 0.02 0.88 0.16 0.21 0.41 0.92 0.39 
SCC6 253 373 273 232 103 0.69 0.45 0.79 0.35 0.24 0.47 0.49 0.15 0.14 0.98 
BW7, kg 646 638 656 637 14 0.69 0.05 0.95 <0.01 0.75 0.62 0.29 0.30 0.54 0.60 
1Milk samples were obtained weekly from 3 consecutive milkings. 
2Treatments consist of 50 g top dress mixtures of ground corn: 50 g of corn carrier (CON), 18 g of yeast fermentation product Diamond V’s original 
XPC (XPC), 19 g of yeast fermentation product Diamond V’s NutriTek (NTL), and 38 g of yeast fermentation product Diamond V’s NutriTek 
(NTH); starting at -26 d prior to expected calving 
3Dry matter intake was measured daily and summarized by week. 
4Fat-corrected milk calculated using the formula: FCM = (0.515*milk weight) + (13.86*fat weight) (Bethard, 2012).   
5Energy-corrected milk calculated using the formula: ECM = (0.327*milk weight) + (12.95*fat weight) + (7.65*protein weight) (Orth, 1992).   
6Data were log transformed for statistical analysis; LS means described in non-transformed values. 





Appendix Table A-9. Least squares means from calving through d 73 for DMI1, milk yield, milk components, and BW (Chapter 3). 










































DMI3, kg/d 19.6 19.3 20.0 19.5 0.68 0.86 0.35 0.66 <0.01 0.32 0.77 0.40 0.54 0.52 0.95 
DMI, % of BW 2.97 2.95 2.95 2.98 0.09 0.99 0.57 0.85 <0.01 0.11 0.85 0.95 0.85 0.91 0.92 
Milk, kg/d 46.0 47.2 46.2 47.0 2.0 0.94 0.04 0.82 <0.01 0.28 0.58 0.68 0.74 0.93 0.66 
FCM4, kg/d 48.1 48.2 45.6 48.9 1.8 0.40 0.20 0.04 <0.01 0.35 0.95 0.20 0.11 0.17 0.64 
ECM5, kg/d 47.8 48.3 45.4 48.6 1.8 0.45 0.16 0.04 <0.01 0.19 0.79 0.17 0.14 0.19 0.69 
Fat6, % 3.73 3.59 3.57 3.74 0.10 0.41 0.08 0.05 <0.01 0.69 0.24 0.90 0.23 0.20 0.96 
Protein6, % 2.84 2.96 2.81 2.85 0.07 0.25 0.35 0.01 <0.01 0.37 0.10 0.07 0.69 0.72 0.93 
Fat, kg/d 1.76 1.74 1.60 1.85 0.06 0.01 0.57 <0.01 0.27 0.43 0.81 0.07 <0.01 0.03 0.15 
Protein, kg/d 1.34 1.45 1.29 1.41 0.06 0.20 0.03 0.08 <0.01 0.04 0.12 0.05 0.17 0.56 0.36 
Lactose, % 4.81 4.81 4.79 4.80 0.04 0.94 0.01 0.03 <0.01 0.47 0.93 0.58 0.76 0.60 0.86 
Other solids, % 5.71 5.72 5.69 5.70 0.04 0.89 0.01 0.01 <0.01 0.43 0.81 0.46 0.73 0.56 0.85 
Total solids6, % 12.44 12.34 12.07 12.47 0.15 0.07 0.82 <0.01 <0.01 0.45 0.32 0.17 0.03 0.01 0.99 
MUN, mg/dL 14.2 15.0 14.5 14.6 0.50 0.36 0.13 0.81 <0.01 0.95 0.07 0.36 0.80 0.54 0.35 
SCC6 268 287 268 314 103 0.97 0.17 0.90 0.35 0.44 0.87 0.89 0.71 0.99 0.66 
BW7, kg 664 649 674 657 15 0.59 0.07 0.85 <0.01 0.29 0.37 0.18 0.40 0.58 0.70 
1Milk samples were obtained weekly from 3 consecutive milkings. 
2Treatments consist of 50 g top dress mixtures of ground corn: 50 g of corn carrier (CON), 18 g of yeast fermentation product Diamond V’s original 
XPC (XPC), 19 g of yeast fermentation product Diamond V’s NutriTek (NTL), and 38 g of yeast fermentation product Diamond V’s NutriTek 
(NTH); starting at -26 d prior to expected calving 
3Dry matter intake was measured daily and summarized by week. 
4Fat-corrected milk calculated using the formula: FCM = (0.515*milk weight) + (13.86*fat weight) (Bethard, 2012).   
5Energy-corrected milk calculated using the formula: ECM = (0.327*milk weight) + (12.95*fat weight) + (7.65*protein weight) (Orth, 1992).   
6Data were log transformed for statistical analysis; LS means described in non-transformed values. 




Appendix Table A-10. Least squares means for blood metabolites and enzymes1 during the prepartum period for cows remaining in the final data set 
(Chapter 3). 






































Total protein, g/dL 6.27 6.59 6.15 6.49 0.06 <0.01 0.285 <0.01 <0.01 0.94 <0.01 <0.01 <0.01 0.07 <0.01 
Creatinine, mg/dL 0.98 0.99 0.99 0.95 0.02 0.06 0.62 0.25 <0.01 0.74 0.34 0.72 0.05 0.64 0.07 
Urea N, mg/dL 12.4 13.0 13.0 12.0 0.34 0.01 0.14 0.77 0.03 0.94 0.06 0.97 0.01 0.08 0.20 
Albumin, g/dL 3.36 3.33 3.34 3.32 0.02 0.37 0.77 0.97 <0.01 0.96 0.20 0.75 0.51 0.41 0.10 
Globulin3, g/dL 2.91 3.26 2.83 3.18 0.05 <0.01 0.38 <0.01 <0.01 0.98 <0.01 <0.01 <0.01 0.07 <0.01 
Albumin:globulin 1.19 1.08 1.23 1.08 0.02 <0.01 0.65 <0.01 <0.01 0.91 <0.01 <0.01 <0.01 0.08 <0.01 
Glucose3, mg/dL 67.7 68.0 66.9 66.7 0.95 0.90 <0.01 0.01 0.19 0.87 0.66 0.57 0.93 0.83 0.74 
Total alkaline 
phosphatase3, U/L 36.5 39.7 37.6 37.5 1.0 0.07 0.99 0.99 <0.01 0.92 0.01 0.28 0.93 0.25 0.23 
AST/SGOT3, U/L 49.0 50.0 50.5 49.9 1.1 0.28 0.08 0.10 0.61 0.99 0.22 0.57 0.27 0.07 0.50 
GGT3, U/L 16.4 17.1 15.6 16.3 0.46 0.28 0.83 0.17 0.04 0.97 0.45 0.07 0.55 0.19 0.45 
Total bilirubin3, 
mg/dL 0.18 0.18 0.17 0.19 0.02 0.35 0.92 0.02 <0.01 0.10 0.79 0.20 0.08 0.23 0.44 
CPK/CK3, U/L 165 148 143 116 29.6 0.20 0.97 0.91 0.05 0.61 0.53 0.64 0.09 0.93 0.04 
Cholesterol3, mg/dL 92.8 90.9 93.3 90.1 1.8 0.12 0.02 0.15 <0.01 0.99 0.32 0.20 0.03 0.60 0.05 
GLDH3, U/L 16.8 14.9 15.1 15.7 1.4 0.08 0.03 0.40 0.93 0.81 0.87 0.60 0.12 0.66 0.02 
Bicarbonate3, mmol/L 22.2 22.9 22.4 22.4 0.26 0.08 0.59 0.69 0.96 0.90 0.01 0.08 0.92 0.61 0.51 
Triglycerides, mg/dL 24.4 21.1 23.0 22.8 0.84 0.01 0.14 0.02 0.05 0.97 <0.01 0.07 0.81 0.17 0.08 
Anion gap 19.4 19.5 19.2 19.5 0.26 0.66 <0.01 0.42 <0.01 0.66 0.61 0.33 0.25 0.54 0.49 
Glutathione 
peroxidase, mU/mL  6.2 5.8 5.6 5.6 0.54 0.78 <0.01 0.22 - - 0.51 0.85 0.99 0.40 0.41 
1Blood samples were taken on d -26 (used as a covariate in the model), -17, -14, -7, -4, and -1 to expected calving date (+/- 3 d). 
2Treatments consist of 50 g top dress mixtures of ground corn: 50 g of corn carrier (CON), 18 g of yeast fermentation product Diamond V’s original 
XPC (XPC), 19 g of yeast fermentation product Diamond V’s NutriTek (NTL), and 38 g of yeast fermentation product Diamond V’s NutriTek 
(NTH); starting at -26 d prior to expected calving 




Appendix Table A-11. Least squares means for blood metabolites and enzymes1 during the prepartum period for all cows that calved (Chapter 3). 




n = 33 
XPC 
n = 35 
NTL 
n = 30 
NTH 


























Total protein, g/dL 6.29 6.44 6.17 6.54 0.05 <0.01 <0.01 <0.01 <0.01 0.88 <0.01 <0.01 <0.01 0.03 <0.01 
Creatinine, mg/dL 0.98 1.00 0.99 0.99 0.01 0.46 0.60 0.05 <0.01 0.95 0.12 0.67 0.64 0.36 0.62 
Urea N, mg/dL 12.6 12.9 12.6 12.5 0.30 0.37 0.20 0.20 <0.01 0.94 0.19 0.32 0.59 0.82 0.73 
Albumin, g/dL 3.35 3.35 3.34 3.31 0.02 0.18 0.95 0.02 <0.01 0.16 0.52 0.83 0.21 0.45 0.03 
Globulin3, g/dL 2.93 3.09 2.85 3.23 0.05 <0.01 0.02 <0.01 <0.01 0.94 <0.01 <0.01 <0.01 0.07 <0.01 
Albumin:globulin 1.18 1.45 1.22 1.09 0.15 0.23 0.54 0.38 0.27 0.52 0.14 0.24 0.52 0.85 0.64 
Glucose3, mg/dL 67.7 66.5 66.6 66.2 0.83 0.73 0.01 0.06 0.06 0.98 0.29 0.84 0.94 0.45 0.39 
Total alkaline 
phosphatase3, U/L 37.6 41.9 37.6 38.7 1.0 <0.01 0.75 0.06 <0.01 0.72 <0.01 0.04 0.50 0.13 0.36 
AST/SGOT3, U/L 49.3 50.2 50.6 49.7 1.0 0.40 0.01 0.16 0.81 0.92 0.28 0.61 0.17 0.15 0.99 
GGT3, U/L 16.4 16.9 15.8 16.7 0.36 0.09 0.70 0.04 0.04 0.98 0.27 0.01 0.12 0.17 0.85 
Total bilirubin3, 
mg/dL 0.19 0.20 0.18 0.21 0.01 0.02 0.69 <0.01 <0.01 0.02 0.07 0.04 0.01 0.75 0.02 
CPK/CK3, U/L 165 149 159 123 25.1 0.16 0.67 0.88 0.03 0.61 0.32 0.22 0.05 0.79 0.07 
Cholesterol3, mg/dL 93.4 90.1 93.9 92.1 1.6 0.02 <0.01 0.09 <0.01 0.97 0.04 <0.01 0.07 0.33 0.34 
GLDH3, U/L 16.8 14.9 13.9 15.1 1.1 <0.01 0.01 0.01 0.93 0.89 0.25 0.08 0.81 <0.01 <0.01 
Bicarbonate3, 
mmol/L 22.2 22.7 22.2 22.2 0.22 0.06 0.92 0.06 0.47 0.87 0.05 0.05 0.81 0.87 0.66 
TG, mg/dL 24.3 21.5 21.2 23.0 0.78 <0.01 0.04 <0.01 0.01 0.99 <0.01 0.67 0.04 <0.01 0.11 
Anion gap 19.4 19.6 19.2 19.6 0.23 0.29 <0.01 0.14 <0.01 0.61 0.32 0.07 0.15 0.40 0.51 
Glutathione 
peroxidase, mU/mL  6.5 6.1 5.9 5.6 0.40 0.34 <0.01 0.33 - - 0.38 0.76 0.50 0.28 0.07 
1Blood samples were taken on d -26 (used as a covariate in the model), -17, -14, -7, -4, and -1 to expected calving date (+/- 3 d). 
2Treatments consist of 50 g top dress mixtures of ground corn: 50 g of corn carrier (CON), 18 g of yeast fermentation product Diamond V’s original 
XPC (XPC), 19 g of yeast fermentation product Diamond V’s NutriTek (NTL), and 38 g of yeast fermentation product Diamond V’s NutriTek 
(NTH); starting at -26 d prior to expected calving 




Appendix Table A-12. Least squares means and orthogonal treatment contrasts for blood metabolites and enzymes1 during the prepartum period 
for all cows that calved (Chapter 3). 
 Treatments2  Contrasts (P values) 
Variable 
CON 
n = 33 
XPC 
n = 35 
NTL 
n = 30 
NTH 








NTH vs NTL 
Total protein, g/dL 6.29 6.44 6.17 6.54 0.05 0.02 0.04 <0.01 
Creatinine, mg/dL 0.98 1.00 0.99 0.99 0.01 0.23 0.40 0.64 
Urea N, mg/dL 12.6 12.9 12.6 12.5 0.30 0.64 0.12 0.59 
Albumin, g/dL 3.35 3.35 3.34 3.31 0.02 0.14 0.27 0.21 
Globulin3, g/dL 2.93 3.09 2.85 3.23 0.05 <0.01 0.25 <0.01 
Albumin:globulin 1.18 1.45 1.22 1.09 0.15 0.65 0.06 0.52 
Glucose3, mg/dL 67.7 66.5 66.6 66.2 0.83 0.27 0.84 0.94 
Total alkaline phosphatase3, U/L 37.6 41.9 37.6 38.7 1.0 0.01 <0.01 0.50 
AST/SGOT3, U/L 49.3 50.2 50.6 49.7 1.0 0.30 0.77 0.17 
GGT3, U/L 16.4 16.9 15.8 16.7 0.36 0.92 0.04 0.12 
Total bilirubin3, mg/dL 0.19 0.20 0.18 0.21 0.01 0.13 0.39 0.01 
CPK/CK3, U/L 165 149 159 123 25.1 0.31 0.85 0.05 
Cholesterol3, mg/dL 93.4 90.1 93.9 92.1 1.6 0.45 0.02 0.07 
GLDH3, U/L 16.8 14.9 13.9 15.1 1.1 <0.01 0.02 0.81 
Bicarbonate3, mmol/L 22.2 22.7 22.2 22.2 0.22 0.61 0.01 0.81 
Triglycerides, mg/dL 24.3 21.5 21.2 23.0 0.78 <0.01 0.39 0.04 
Anion gap 19.4 19.6 19.2 19.6 0.23 0.77 0.20 0.15 
Glutathione peroxidase, mU/mL  6.5 6.1 5.9 5.6 0.40 0.12 0.43 0.50 
1Blood samples were taken on d -26 (used as a covariate in the model), -17, -14, -7, -4, and -1 to expected calving date (+/- 3 d). 
2 Treatments consist of 50 g top dress mixtures of ground corn: 50 g of corn carrier (CON), 18 g of yeast fermentation product Diamond V’s original 
XPC (XPC), 19 g of yeast fermentation product Diamond V’s NutriTek (NTL), and 38 g of yeast fermentation product Diamond V’s NutriTek 
(NTH); starting at -26 d prior to expected calving 





Appendix Table A-13. Least squares means for blood minerals during the prepartum period1 for cows in the final data set (Chapter 3). 
 Treatments2   Contrasts (P values) 
Variable 
CON 
n = 32 
XPC 
n = 23 
NTL 
n = 21 
NTH 
























Ca, mg/dL 9.47 9.62 9.41 9.51 0.07 0.09 0.04 0.17 <0.01 0.33 0.05 0.02 0.27 0.49 0.60 
P, mg/dL 6.14 5.96 5.77 5.75 0.16 0.13 0.02 0.22 0.39 0.22 0.33 0.35 0.91 0.06 0.05 
Na, mmol/L 142.1 142.5 142.0 142.5 0.37 0.57 <0.01 0.75 <0.01 0.60 0.35 0.29 0.29 0.83 0.35 
K, mmol/L 4.67 4.70 4.63 4.62 0.04 0.40 0.24 0.80 0.01 0.54 0.57 0.18 0.86 0.37 0.31 
Na:K 30.5 30.4 30.8 30.9 0.30 0.43 0.63 0.90 <0.01 0.15 0.70 0.25 0.74 0.40 0.25 
Cl, mmol/L 105.2 104.6 105.0 105.4 0.32 0.17 0.75 0.29 <0.01 0.96 0.07 0.29 0.33 0.57 0.62 
Mg, mg/dL 2.39 2.42 2.40 2.40 0.04 0.96 <0.01 0.62 <0.01 0.20 0.59 0.82 0.94 0.78 0.86 
1Blood samples were taken on d -26 (used as a covariate in the model), -17, -14, -7, -4, and -1 to expected calving date (+/- 3 d). 
2Treatments consist of 50 g top dress mixtures of ground corn: 50 g of corn carrier (CON), 18 g of yeast fermentation product Diamond V’s original 
XPC (XPC), 19 g of yeast fermentation product Diamond V’s NutriTek (NTL), and 38 g of yeast fermentation product Diamond V’s NutriTek 






Appendix Table A-14. Least squares means for blood minerals during the prepartum period1 for all cows that calved (Chapter 3). 
 Treatments2   Contrasts (P values) 
Variable 
CON 
n = 33 
XPC 


























Ca, mg/dL 9.51 9.54 9.47 9.50 0.06 0.86 0.01 0.55 <0.01 0.09 0.74 0.39 0.68 0.60 0.92 
P, mg/dL 6.17 6.10 5.86 5.87 0.11 0.03 0.01 <0.01 <0.01 0.10 0.56 0.06 0.91 0.02 0.02 
Na, mmol/L 141.9 142.2 142.1 142.2 0.27 0.79 <0.01 0.46 <0.01 0.38 0.38 0.85 0.81 0.54 0.37 
K, mmol/L 4.67 4.73 4.68 4.66 0.06 0.75 0.58 0.44 0.13 0.27 0.40 0.50 0.78 0.91 0.86 
Na:K 30.5 30.4 30.5 30.6 0.23 0.87 0.45 0.65 <0.01 0.02 0.72 0.70 0.68 0.96 0.63 
Cl, mmol/L 105.1 104.7 105.4 105.3 0.25 0.06 0.97 <0.01 <0.01 0.38 0.14 0.02 0.81 0.37 0.49 
Mg, mg/dL 2.38 2.37 2.39 2.38 0.03 0.97 <0.01 0.45 <0.01 0.73 0.74 0.65 0.84 0.89 0.94 
1Blood samples were taken on d -26 (used as a covariate in the model), -17, -14, -7, -4, and -1 to expected calving date (+/- 3 d) 
2Treatments consist of 50 g top dress mixtures of ground corn: 50 g of corn carrier (CON), 18 g of yeast fermentation product Diamond V’s original 
XPC (XPC), 19 g of yeast fermentation product Diamond V’s NutriTek (NTL), and 38 g of yeast fermentation product Diamond V’s NutriTek 





















Appendix Table A-15. Least squares means and orthogonal treatment contrasts for blood minerals during the prepartum period1 for all cows 
that calved (Chapter 3). 
 Treatments2  Contrasts (P values) 
Variable 
CON 
n = 33 
XPC 
n = 35 
NTL 
n = 30 
NTH 









Ca, mg/dL 9.51 9.54 9.47 9.50 0.06 0.89 0.44 0.68 
P, mg/dL 6.17 6.10 5.86 5.87 0.11 0.03 0.02 0.91 
Na, mmol/L 141.9 142.2 142.1 142.2 0.27 0.33 0.94 0.81 
K, mmol/L 4.67 4.73 4.68 4.66 0.06 0.76 0.32 0.78 
Na:K 30.5 30.4 30.5 30.6 0.23 0.94 0.47 0.68 
Cl, mmol/L 105.1 104.7 105.4 105.3 0.25 0.92 0.01 0.81 
Mg, mg/dL 2.38 2.37 2.39 2.38 0.03 0.92 0.67 0.84 
1Blood samples were taken on d -26 (used as a covariate in the model), -17, -14, -7, -4, and -1 to expected calving date (+/- 3 d) 
2Treatments consist of 50 g top dress mixtures of ground corn: 50 g of corn carrier (CON), 18 g of yeast fermentation product Diamond V’s original 
XPC (XPC), 19 g of yeast fermentation product Diamond V’s NutriTek (NTL), and 38 g of yeast fermentation product Diamond V’s NutriTek 






Appendix Table A-16. Least squares means for blood metabolites and enzymes at calving (d 0) for cows remaining in the final data set (Chapter 
3). 
 Treatments1     Contrasts (P values) 
Variable 
CON 
n = 32 
XPC 
n = 23 
NTL 
n = 21 
NTH 



















Total protein, g/dL 5.89 6.15 6.02 6.10 0.12 0.32 0.37 0.06 0.09 0.42 0.61 0.42 0.17 
Creatinine, mg/dL 1.12 1.15 1.13 1.10 0.04 0.82 0.20 0.92 0.57 0.73 0.57 0.86 0.65 
Urea N, mg/dL 12.6 13.2 13.1 12.9 0.67 0.88 0.34 0.84 0.46 0.91 0.84 0.55 0.70 
Albumin, g/dL 3.38 3.38 3.43 3.39 0.05 0.84 0.66 0.61 0.99 0.43 0.55 0.41 0.86 
Globulin2, g/dL 2.50 2.75 2.59 2.72 0.11 0.23 0.35 0.08 0.08 0.30 0.34 0.55 0.10 
Albumin: globulin  1.38 1.27 1.37 1.28 0.06 0.29 0.50 0.31 0.12 0.18 0.24 0.96 0.18 
Glucose2, mg/dL 106 109 109 108 8.5 0.95 0.29 0.63 0.81 0.74 0.77 0.56 0.79 
Total alkaline 
phosphatase2, U/L 41.3 48.4 44.9 47.5 2.4 0.15 0.40 0.96 0.03 0.42 0.68 0.25 0.10 
AST/SGOT2, U/L 52.9 53.5 56.8 55.0 2.6 0.63 0.44 0.56 0.75 0.36 0.53 0.20 0.54 
GGT2, U/L 17.1 17.0 17.7 17.2 0.91 0.90 0.08 0.93 0.78 0.45 0.72 0.60 0.89 
Total bilirubin2, mg/dL 0.37 0.41 0.35 0.36 0.05 0.47 0.85 0.40 0.27 0.21 0.90 0.75 0.64 
CPK/CK2, U/L 152 156 129 278 59.7 0.75 0.58 0.13 0.40 0.72 0.61 0.67 0.32 
Cholesterol2, mg/dL 64.0 65.1 67.7 62.3 2.9 0.43 0.43 0.35 0.78 0.39 0.11 0.24 0.56 
GLDH2, U/L 16.8 14.7 17.5 14.8 2.8 0.89 0.84 0.42 0.86 0.67 0.45 0.77 0.59 
Bicarbonate2, mmol/L 21.4 21.5 20.6 22.1 0.53 0.28 0.35 0.47 0.88 0.19 0.06 0.22 0.37 
Triglycerides, mg/dL 8.8 9.1 8.8 8.4 1.2 0.98 0.17 0.55 0.84 0.86 0.80 0.99 0.79 
Anion gap 20.3 20.8 19.8 19.8 0.29 0.62 0.52 0.68 0.51 0.25 0.92 0.53 0.60 
1Treatments consist of 50 g top dress mixtures of ground corn: 50 g of corn carrier (CON), 18 g of yeast fermentation product Diamond V’s original 
XPC (XPC), 19 g of yeast fermentation product Diamond V’s NutriTek (NTL), and 38 g of yeast fermentation product Diamond V’s NutriTek 
(NTH); starting at -26 d prior to expected calving 







Appendix Table A-17. Least squares means for blood metabolites and enzymes at calving (d 0) for all cows that calved (Chapter 3). 
 Treatments1     Contrasts (P values) 
Variable 
CON 
n = 33 
XPC 
n = 35 
NTL 
n = 30 
NTH 













Total protein, g/dL 5.88 6.16 5.99 6.18 0.10 0.07 0.10 0.02 0.03 0.21 0.16 0.42 0.02 
Creatinine, mg/dL 1.12 1.16 1.13 1.12 0.04 0.76 0.05 0.98 0.37 0.46 0.93 0.91 0.98 
Urea N, mg/dL 12.6 13.3 13.1 13.2 0.59 0.82 0.49 0.81 0.35 0.80 0.95 0.54 0.49 
Albumin, g/dL 3.38 3.41 3.43 3.34 0.04 0.40 0.91 0.53 0.52 0.83 0.13 0.43 0.45 
Globulin2, g/dL 2.49 2.72 2.58 2.84 0.09 0.04 0.08 0.07 0.05 0.26 0.06 0.46 0.01 
Albumin: globulin  1.39 1.29 1.37 1.24 0.05 0.07 0.17 0.40 0.12 0.22 0.05 0.77 0.02 
Glucose2, mg/dL 106 103 110 102 6.9 0.63 0.62 0.66 0.70 0.23 0.27 0.43 0.76 
Total alkaline 
phosphatase2, U/L 42.2 52.5 45.0 46.2 2.1 <0.01 0.21 0.24 <0.01 0.05 0.74 0.20 0.31 
AST/SGOT2, U/L 52.4 55.8 56.0 56.1 2.5 0.61 0.10 0.66 0.27 0.98 0.96 0.30 0.26 
GGT2, U/L 17.0 17.8 17.2 17.1 0.79 0.90 0.02 0.89 0.47 0.61 0.95 0.86 0.80 
Total bilirubin2, mg/dL 0.37 0.46 0.39 0.41 0.04 0.25 0.85 0.58 0.06 0.16 0.88 0.69 0.58 
CPK/CK2, U/L 152 155 128 243 50.2 0.63 0.42 0.34 0.32 0.51 0.43 0.77 0.26 
Cholesterol2, mg/dL 63.7 66.0 69.1 65.0 2.4 0.25 0.15 0.17 0.36 0.28 0.10 0.06 0.82 
GLDH2, U/L 16.0 15.4 15.5 14.3 2.4 0.88 0.44 0.21 0.98 0.65 0.86 0.65 0.51 
Bicarbonate2, mmol/L 21.5 21.4 20.5 21.8 0.43 0.12 0.09 0.31 0.98 0.08 0.02 0.09 0.53 
Triglycerides, mg/dL 8.8 9.7 9.2 8.8 1.0 0.88 0.25 0.56 0.48 0.70 0.79 0.78 0.99 
Anion gap 20.2 21.5 20.1 19.9 0.59 0.09 0.41 0.22 0.06 0.06 0.78 0.97 0.75 
1Treatments consist of 50 g top dress mixtures of ground corn: 50 g of corn carrier (CON), 18 g of yeast fermentation product Diamond V’s original 
XPC (XPC), 19 g of yeast fermentation product Diamond V’s NutriTek (NTL), and 38 g of yeast fermentation product Diamond V’s NutriTek 
(NTH); starting at -26 d prior to expected calving 









Appendix Table A-18. Least squares means and orthogonal treatment contrasts for blood metabolites and enzymes at calving (d 0) for all  
cows that calved (Chapter 3). 
 
 Treatments3  Contrasts (P values) 
Variable 
CON 
n = 33 
XPC 
n = 35 
NTL 
n = 30 
NTH 


























Total protein, g/dL 5.88 6.16 5.99 6.18 0.10 0.04 0.52 
Creatinine, mg/dL 1.12 1.16 1.13 1.12 0.04 0.68 0.34 
Urea N, mg/dL 12.6 13.3 13.1 13.2 0.59 0.37 0.79 
Albumin, g/dL 3.38 3.41 3.43 3.34 0.04 0.78 0.48 
Globulin2, g/dL 2.49 2.72 2.58 2.84 0.09 0.03 0.85 
Albumin:globulin 1.39 1.29 1.37 1.24 0.05 0.09 0.84 
Glucose2, mg/dL 106 103 110 102 6.9 0.95 0.45 
Total alkaline phosphatase2, U/L 42.2 52.5 45.0 46.2 2.1 0.02 0.01 
AST/SGOT2, U/L 52.4 55.8 56.0 56.1 2.5 0.18 0.95 
GGT2, U/L 17.0 17.8 17.2 17.1 0.79 0.65 0.56 
Total bilirubin2, mg/dL 0.37 0.46 0.39 0.41 0.04 0.26 0.11 
CPK/CK2, U/L 152 155 128 243 50.2 0.33 0.77 
Cholesterol2, mg/dL 63.7 66.0 69.1 65.0 2.4 0.22 0.80 
GLDH2, U/L 16.0 15.4 15.5 14.3 2.4 0.64 0.51 
Bicarbonate2, mmol/L 21.5 21.4 20.5 21.8 0.43 0.63 0.50 
Triglycerides, mg/dL 8.8 9.7 9.2 8.8 1.0 0.69 0.53 
Anion gap 20.2 21.5 20.1 19.9 0.59 0.55 0.02 
1Treatments consist of 50 g top dress mixtures of ground corn: 50 g of corn carrier (CON), 18 g of yeast fermentation product Diamond V’s original 
XPC (XPC), 19 g of yeast fermentation product Diamond V’s NutriTek (NTL), and 38 g of yeast fermentation product Diamond V’s NutriTek 
(NTH); starting at -26 d prior to expected calving 





Appendix Table A-19. Least squares means for blood minerals at calving (d 0) for cows remaining in the final data set (Chapter 3). 
 Treatments1     Contrasts (P values) 
Variable 
CON 
n = 32 
XPC 
n = 23 
NTL 
n = 21 
NTH 




















Ca, mg/dL 7.38 7.46 7.41 7.65 0.23 0.76 0.21 0.35 0.77 0.88 0.41 0.90 0.31 
P, mg/dL 3.36 3.78 3.30 3.34 0.30 0.53 0.07 0.69 0.23 0.21 0.94 0.89 0.96 
Na, mmol/L 143.8 143.8 143.4 143.2 0.85 0.94 0.47 0.54 0.99 0.70 0.91 0.69 0.62 
K, mmol/L 4.51 4.69 4.48 4.50 0.10 0.31 0.26 0.85 0.13 0.10 0.88 0.80 0.93 
Na:K 32.0 30.8 32.2 31.9 0.65 0.33 0.31 0.70 0.14 0.10 0.75 0.76 0.97 
Cl, mmol/L 107.0 106.2 107.4 106.6 0.84 0.68 0.12 0.76 0.42 0.24 0.49 0.65 0.76 
Mg, mg/dL 2.51 2.56 2.47 2.57 0.08 0.69 0.47 0.11 0.49 0.35 0.32 0.72 0.46 
1Treatments consist of 50 g top dress mixtures of ground corn: 50 g of corn carrier (CON), 18 g of yeast fermentation product Diamond V’s original 
XPC (XPC), 19 g of yeast fermentation product Diamond V’s NutriTek (NTL), and 38 g of yeast fermentation product Diamond V’s NutriTek 






Appendix Table A-20. Least squares means for blood minerals at calving (d 0) for all cows that calved (Chapter 3). 
 Treatments1     Contrasts (P values) 
Variable 
CON 
n = 33 
XPC 
n = 35 
NTL 
n = 30 
NTH 













Ca, mg/dL 7.49 7.47 7.49 7.86 0.19 0.26 0.41 0.67 0.94 0.95 0.13 0.99 0.11 
P, mg/dL 3.39 4.06 3.57 3.82 0.26 0.17 0.33 0.17 0.04 0.13 0.46 0.60 0.19 
Na, mmol/L 144.0 144.2 143.6 143.7 0.61 0.82 0.10 0.32 0.74 0.40 0.88 0.62 0.72 
K, mmol/L 4.51 4.58 4.50 4.44 0.08 0.56 0.15 0.63 0.50 0.42 0.57 0.89 0.47 
Na:K 32.1 31.6 32.1 32.6 0.53 0.52 0.11 0.47 0.48 0.43 0.51 0.92 0.44 
Cl, mmol/L 107.0 105.7 107.7 106.5 0.64 0.13 0.03 0.83 0.12 0.02 0.17 0.47 0.51 
Mg, mg/dL 2.50 2.45 2.44 2.44 0.06 0.84 0.70 0.13 0.46 0.94 0.99 0.46 0.43 
1Treatments consist of 50 g top dress mixtures of ground corn: 50 g of corn carrier (CON), 18 g of yeast fermentation product Diamond V’s original 
XPC (XPC), 19 g of yeast fermentation product Diamond V’s NutriTek (NTL), and 38 g of yeast fermentation product Diamond V’s NutriTek 























Appendix Table A-21. Least squares means and orthogonal treatment contrasts for blood minerals at calving (d 0) for all cows that 
calved (Chapter 3). 
 Treatments1  Contrasts (P values) 
Variable 
CON 
n = 33 
XPC 
n = 35 
NTL 
n = 30 
NTH 









Ca, mg/dL 7.49 7.47 7.49 7.86 0.19 0.53 0.29 0.13 
P, mg/dL 3.39 4.06 3.57 3.82 0.26 0.12 0.18 0.46 
Na, mmol/L 144.0 144.2 143.6 143.7 0.61 0.82 0.35 0.88 
K, mmol/L 4.51 4.58 4.50 4.44 0.08 0.93 0.19 0.57 
Na:K 32.1 31.6 32.1 32.6 0.53 0.93 0.18 0.51 
Cl, mmol/L 107.0 105.7 107.7 106.5 0.64 0.56 0.06 0.17 
Mg, mg/dL 2.50 2.45 2.44 2.44 0.06 0.36 0.93 0.99 
1Treatments consist of 50 g top dress mixtures of ground corn: 50 g of corn carrier (CON), 18 g of yeast fermentation product Diamond V’s original 
XPC (XPC), 19 g of yeast fermentation product Diamond V’s NutriTek (NTL), and 38 g of yeast fermentation product Diamond V’s NutriTek 





Appendix Table A-22. Least squares means for blood metabolites and enzymes postpartum1 for cows remaining in the final data set (Chapter 
3). 
 Treatments2   Contrasts (P values) 
Variable 
CON 
n = 32 
XPC 
n = 23 
NTL 
n = 21 
NTH 



























g/dL 6.35 6.54 6.35 6.56 0.05 <0.01 0.48 <0.01 <0.01 0.93 <0.01 <0.01 <0.01 0.99 <0.01 
Creatinine, 
mg/dL 0.91 0.95 0.94 0.92 0.01 0.02 0.23 <0.01 <0.01 0.95 <0.01 0.60 0.41 0.03 0.17 
Urea N, mg/dL 12.9 14.4 13.7 13.6 0.35 <0.01 0.06 0.13 0.04 0.23 <0.01 0.11 0.68 0.03 0.08 
Albumin, g/dL 3.26 3.27 3.23 3.24 0.04 0.76 0.88 0.62 <0.01 0.99 0.72 0.36 0.86 0.47 0.57 
Globulin3, g/dL 3.10 3.27 3.12 3.32 0.05 <0.01 0.54 <0.01 <0.01 0.99 <0.01 <0.01 <0.01 0.78 <0.01 
Albumin:globul
in 1.09 1.03 1.11 1.03 0.02 <0.01 0.76 0.01 <0.01 0.99 0.01 <0.01 <0.01 0.24 <0.01 
Glucose3, 
mg/dL 55.3 55.7 53.4 56.4 1.0 0.03 <0.01 0.21 <0.01 0.97 0.46 0.02 <0.01 0.05 0.22 
Total alkaline 
phosphatase3, 
U/L 34.3 38.7 36.4 38.8 1.4 <0.01 0.85 0.69 <0.01 0.99 <0.01 0.02 0.05 0.26 <0.01 
AST/SGOT3, 
U/L 81.9 78.8 91.0 79.5 2.8 <0.01 0.46 <0.01 <0.01 0.99 0.08 <0.01 <0.01 <0.01 0.17 
GGT3, U/L 19.3 19.6 23.3 19.1 1.2 0.01 0.79 0.38 <0.01 0.87 0.41 <0.01 <0.01 0.02 0.31 
Total bilirubin3, 
mg/dL 0.40 0.42 0.43 0.39 0.03 0.39 0.27 0.44 <0.01 0.99 0.91 0.28 0.09 0.18 0.64 
CPK/CK3, U/L 192 213 237 141 25.5 <0.01 0.59 0.03 <0.01 0.30 0.69 0.34 <0.01 0.15 <0.01 
Cholesterol3, 
mg/dL 91.4 87.7 91.4 88.8 2.7 0.24 0.14 0.06 <0.01 0.99 0.12 0.20 0.19 0.95 0.12 
GLDH3, U/L 34.6 31.0 42.9 32.9 4.7 0.02 0.08 0.49 <0.01 0.89 0.52 0.32 <0.01 0.60 <0.01 
Bicarbonate3, 
mmol/L 23.8 24.2 24.0 24.1 0.26 0.23 0.56 0.01 <0.01 0.78 0.06 0.55 0.83 0.25 0.14 




1Blood samples were taken on d 1, 3, 5, 7, 10, 14, 17, and 21. 
2Treatments consist of 50 g top dress mixtures of ground corn: 50 g of corn carrier (CON), 18 g of yeast fermentation product Diamond V’s original 
XPC (XPC), 19 g of yeast fermentation product Diamond V’s NutriTek (NTL), and 38 g of yeast fermentation product Diamond V’s NutriTek 
(NTH); starting at -26 d prior to expected calving 
3Data were log transformed for statistical analysis; LS means described in non-transformed values. 
4Determined using Precision Xtra ketone test in samples obtained on d 5 and 14. 
 
  
Appendix Table A-22 (Cont.)             
Triglycerides, 
mg/dL 7.28 7.09 6.92 7.21 0.31 0.75 <0.01 0.07 <0.01 0.42 0.58 0.65 0.44 0.30 0.83 
Anion gap 21.3 21.6 21.4 21.4 0.31 0.72 0.52 0.09 <0.01 0.99 0.27 0.69 0.80 0.54 0.72 
Glutathione 
peroxidase, 
mU/mL  5.2 4.7 4.4 4.5 0.41 0.38 0.04 0.77 <0.01 0.80 0.31 0.62 0.88 0.13 0.19 
BHB3,4, 




Appendix Table A-23. Least squares means for blood minerals postpartum1 for cows remaining in the final data set (Chapter 3). 
 Treatments2   Contrasts (P values) 
Variable 
CON 
n = 32 
XPC 
n = 23 
NTL 
n = 21 
NTH 


























Ca, mg/dL 8.83 8.74 8.72 8.77 0.13 0.88 0.70 0.49 <0.01 0.81 0.51 0.93 0.80 0.47 0.67 
P, mg/dL 5.21 5.14 5.15 5.16 0.21 0.99 0.07 0.80 <0.01 0.38 0.79 0.98 0.98 0.81 0.85 
Na, mmol/L 141.7 141.4 141.6 141.6 0.35 0.90 <0.01 0.65 <0.01 0.96 0.47 0.65 0.93 0.83 0.91 
K, mmol/L 4.39 4.40 4.40 4.35 0.05 0.86 0.08 0.39 <0.01 0.26 0.85 0.98 0.46 0.88 0.52 
Na:K 32.5 32.3 32.5 32.7 0.38 0.87 0.34 0.30 0.30 0.51 0.60 0.73 0.63 0.89 0.71 
Cl, mmol/L 101.0 100.2 100.4 100.5 0.36 0.30 <0.01 0.07 <0.01 0.60 0.07 0.74 0.80 0.17 0.30 
Mg, mg/dL 2.18 2.20 2.20 2.28 0.05 0.43 <0.01 0.52 <0.01 0.98 0.64 0.88 0.22 0.77 0.11 
1Blood samples were taken on d 1, 3, 5, 7, 10, 14, 17, and 21. 
2Treatments consist of 50 g top dress mixtures of ground corn: 50 g of corn carrier (CON), 18 g of yeast fermentation product Diamond V’s original 
XPC (XPC), 19 g of yeast fermentation product Diamond V’s NutriTek (NTL), and 38 g of yeast fermentation product Diamond V’s NutriTek 








Phagocytosis activity and Oxidative Burst activity summarized (Chapter 5): 
The laboratory protocol followed for analyzing phagocytic and oxidative burst 
capabilities in whole blood neutrophils and monocytes was created by Dr. Michael Ballou at 
Texas Tech University (Lubbock, Tx).  The E. coli challenge was donated to the University of 
Illinois by Dr. Ballou’s lab and all other supplies were ordered commercially. 
The enteropathogenic Escherichia coli was isolated from the spleen of a septicemic calf 
and incubated overnight in a tryptic soy broth.  The bacteria was then serially diluted and spread 
on a tryptic soy agar plate.  It was then heat-killed at 60°C for 30 min, washed, and resuspended 
at 109 cfu/mL.  The resuspended bacteria was incubated and agitated for 2 h at room temperature 
with an equal volum of 100 µg/mL propidium iodide (Invitrogen, Carlsbad, CA).  The bacteria, 
now propidium iodide-labeled (PI), was washed twice and resespended at 109 cfu/mL in 1x PBS.  
PI bacteria was aliquoted into 1 mL volumes and stored at -80°C before shipping.  Bacteria 
inclusion level was optimized for each study with the help of Dr. Barbara Pilas, the director of 
the flow cytometry facilities (University of Illinois, Urbana, IL).  All the bacteria used in each 
trial came from one pre-made batch designated for that trial.  However, there was a difference in 
bacteria batches between research trials due to time.  The Diamond V trial bacteria was 
optimized at a 40 µL/sample inclusion rate, while the Phibro trial bacteria was optimized at an 80 
µL/sample inclusion rate. 
Dihydrorhodamine 123 (DHR) was used to measure oxidative burst activity.  DHR can 
bind to cellular and mitochondrial membranes and freely enters these membranes.  After 
oxidation, DHR binds to reactive oxygen species (H2O2) that are released and rhodamine 123 




available 2 mg of DHR 123 (Sigma-Aldrich, St. Louis, MO) was dissolved using 0.15 mL of 
dimethylsulfoxide and then suspended in 1 mL of 1x PBS. 
2 𝑚𝑔 𝐶𝑜𝑚𝑚𝑒𝑟𝑖𝑐𝑎𝑙 𝐷𝐻𝑅 ÷  346 𝑚𝑔 𝑚𝑚𝑜𝑙 𝑀𝑜𝑙𝑒𝑐𝑢𝑙𝑎𝑟 𝑤𝑒𝑖𝑔ℎ𝑡 = 0.00577401 𝑚𝑚𝑜𝑙⁄  
𝑆𝑡𝑜𝑐𝑘 𝑠𝑜𝑙. = 0.00577401 𝑚𝑚𝑜𝑙 𝐷𝐻𝑅 ÷ 5 𝑚𝑚𝑜𝑙 𝐿 = 0.001154802 𝐿 𝑠𝑢𝑠𝑝𝑒𝑛𝑑𝑒𝑑 𝐷𝐻𝑅⁄  
𝑊𝑜𝑟𝑘𝑖𝑛𝑔 𝐷𝐻𝑅 𝑠𝑜𝑙𝑢𝑡𝑖𝑜𝑛 = 25 μ𝐿 𝑠𝑡𝑜𝑐𝑘 𝑠𝑜𝑙. + 1225 μ𝐿 1𝑥 𝑃𝐵𝑆  
Two hundred µL of whole blood, collected using 10 mL lithium heparin vacutainer 
collection tubes, was pipetted into two 5 mL Falcon tubes.  Forty µL of a working solution of 
DHR was added to each container.  PI labeled E. coli was added to one tube, based on the 
optimized inclusion rate, while the other worked as the control sample.  Both tubes were then 
incubated in a hot water bath (38.5°C for 10 min) and then immediately placed in an ice bath to 
stop the reaction.  Erthrocytes were hypotonically lysed using 800 µL of ice cold molecular 
biology grade water (Corning, Manassas, VA).  Cells were then washed using 200 µL of 5x PBS, 
centrifuged, the supernatant was aspirated, and the remaining cells were washed again using 2 
mL of 1x PBS.  Monocytes and Neutrophils were then fluorescently tagged by incubating the 
sample with APC - CD14 (Biolegend, San Diego, CA) and CH 138a (Washington State 
University, Pullman, WA), bound to a goat anti-human IgG-PE antibody (SouthernBiotech, 
Birmingham, AL), covered at room temperature, for 20 and 15 min, respectively.  Cells were 
washed using 2 mL of 1x PBS after each incubation.  CD 14 is a cross-reacitve antibody to cattle 
that is expressed on comocytes and has a high affinity for LPS receptors.  CH 138a is a 
monocolonal antibody specific to bovines that attaches to granuloytes, but requires a fluorescing 
antibody for detection.   
Both samples were then run through the flow cytometry analyzer, BD LSR II, with the 




the gating tools and cross-referenced with the PI labeled E. coli to determine the phagocytosis 
activity percentage.  Cells were further cross-referenced with the FITC labeled DHR to 
determine oxidative burst activity as a percentage.  For oxidative burst intensity, the control 
sample was match with the challenged sampled, and the difference was reported as the geometric 
mean value of intensity. 
 
